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FOREWORD

. . The first seven chapters in this compilation vere prepared
by the authors ss term papers in & course recently given by
American University on "Problems in AIP3." The authors, as
students 1in tne course, represeunt a cross-section of ASTYA leaders;
herce, their papers represent a substantial coverage of the plans,
the problems, and tae installation of automation in the Armed
Services Technical Information Agency (ASTIA). As such, it was
decided that use of the rapers as vorkshop material was ideal.

The papers by Mr. Calvin Kocers and Mrs. Claire Scnultz are
added because they are so closely related to ASTIA's automation
a8 to be considered appropriste. They have heen added with the
consent of the authors who will discuss them at the Worxshop.

Both a.*hors have been associated vith the development of ASTIA'e
automation. .

It is hoped that these recards of the actual experiences of
ASTIA in autcaating its major functions will be helpful to others
as progress is tade toward improved utilization of the ever increas-
ing masses of scientific and technical informstion.

4 B T S

‘ Colonel, USAF
. Cosmmander and Director
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Chupter 1

Preparing for Automat.on :
by Lt Colonel William Harmond, USAF, ASTIA
We, of ASTIA, who are attendirg this course played key roles in

developing an autozation system. As mansgers we also had to recognise
and solve the management problems associated with converting our plans
irto the actions required to install the systez. Ve have prepared s
coordinated series of presentations dealing vith some of these marage-
pent rroblems., We will touch only lightly on tne details of our
operation and of our cbnputor applications. Por those of you who sre
interested in such details, we sugpest you obtain &« copy of AD 227,000,
Autozation of ASTIA. A Preliminary Report, dated 1 Dscember 1959,

We are not presenting our approsch as the blueprint for aﬁtountion.
We hope only to comtribute to the reservoir of knowledge and experience
being acsumulated as each nev automated application breaks through the
sanusl barrier., To quote Mark Twain, "We should be careful to get out
of an experience only the wisdom that is in {t—.and stop there®,

My subject is, "Preparing for Automation® - the gearing-up periocd.
It covers formulation of our chjectivea, hov wve went about setting up
the 1nploiontin¢ aschinery, and hov our implementirg actions were couceived
and executed, _

The Armed Services Technical Information Agensy -<ASTIA for short--
19 a unique organisation. It is assigned to the Air Mes2arch end Devslopment
Command, but 1t has & tri-service responeibility. Its poliey stems directly
from the Departaent of Defense. ASTIA &4 spwoifiocally chargad with the timsly
exchange of scientifie and technicsl information within the Depertment of

Defense research and developaant commurdty.




ASTIA has under bibliographic control about tires quarters of & million .

technical reports accumulated since World Wer II. Omly 200,000 of trese
reports are included in the vurrent automated operation. Tney are the
200,000 most recently cataloged into the collection and repressnt the
documentation of the past seven years' military research and developwent
progrem. About 97€ of ASTIA's services are currently being provided from
this colluuoa’ More than & hundred new reports a day arv added to the
colleotion. '

ASTIA servicos about 2,00C military wnd governxzent organisaiisns, and
over 3,000 contracts, spread emong more than 1,300 zivilian contractors.
These servi:es consist of processing over 25,00C nev reports e yur'lnto ‘
the system and aanouncing their ascquisition in & tuice monthly Technical
Abstract Mlptiu; furnishing one-ralf million copies of techaical rcporu.
e year to fill requests, and providing 1,300 report bibtliographies covering
any sudject or comdbination of subjects in the collectioa. .

About half the documents raquested, 4oou 250,000 & year, are not carried
in stock and must de reproduced frox microfils,

ASTIA', spprosch to uutoutionvvn pretly cuck aloag the lides suggested
by Canning and Crepin—excert for tizing. Larly considerations covered several
yoare ani dealt mostly with cnst factors and techaicsl fecailility--and veitiny
fcr the state of the art to sdverce. Lxperts in all phesus of the vperati ¢
ware called upon, Equijpneat nu.ut;ucturorl Frevered atulios and suboitted
prapoiulu AST1A management prepared still sore s(udlu and evaluated the

sccumulation of ‘iate,

Y

*
T™he ASTIA Document Collection (AD reports)



Tre decision to automste was reachted in mid-November 1958, Within a

week tra masa of accur:lated data was ground into the format requirod_by

AF Manual 171-9, Mansgement of Dats Frocessing Equipment, for submissio; of

a proposal to automate, In sn attenpt to expedite higher Command action, the
equirzent vouchers wvere submitted along with the proposal, This was a mictake -
it actually confused tre jssue, and delayed coordinating actions by higher
headcuarters staff,

Tre maior consulting servi:e involvying the corputer applications had been
provided by the IBM Corporatinn——ani as you might expect, l1BM equipment led
besn recormonded, However, to ASTIA's credit, conalde:iation of ottrer
manufacturevs equipment continued.

The actual gearing up for iutontion began in earrest the day the decision
to sutomate was made, some seven months befores higher Command approval., The
ASTIA Commander's first action was to name & project officer and designate the
sajor orgenizational segment that would wasume primary staff responsibility.
The project officer was charged vith developing the detailed {mplementing plans
and the organisational machinery for executing the plans.

1 vas sslected as the project officer, Pr}or to my sslection, I had been
given about four months to study the ASTIA operstion and to become familiar
vith the manual operational procedurss. My only association with ASTIA's
automation program during that period was te put together the original proposal
to automate. This vas priurflv an editorial and format review; no creative
{omit was involved. My primary guidance ocame from the AMM 171-G,

Abdut three weeks after the automation proposal vas submitted, an EDF
' Planniog Group wes established, This group was composed of the heads ¢f the

major operational and support elements of ASTIA, The project cfficer becams

the chairmen of the group. The Research Requiresents Officer served as technical
3




advisor. To ma!ntain continuity and to broaden the base of particzipation, the .

nwzest Lvo man of each of the cajor organizational segments served as ez
slternate perber.

The rlanring group as & vhole met once a week., This regular veekly
meeting vas primarily to mopitsr the scheduled actions snd to keep members
abreast of progress. Minutes of these nmestings formed the official records of
progress tovard implementation.

The plarnisg group {irst undsrtoock tre task of estsblistiag a firm planning
base, A complete reviev of the proposal vas made and the specific objectives

identified in terms of end products, functions, and effective datsd,

Our broad general objective under autozation was to provide more timely service,
In more specific terrs:
1. To f11l requests for documonts I'roe stock in three working days.
. To f1ll requests for documents not carried in stock §{n five working
dayse.
). 7o irprove inventcry mansgerent o that 80 to 9 percent of documents
requestod wvould be jrestocked, and thus filled tn **e pintour of three days.
L. Ffrovide bitliographic service by list of AST1A Documents ) ia three vorking
days. (This wvas later changed to complete printout of all bidbliographic
and adetrsct information for each document iancluded in e bibliography.
§. Maintain sccurate document accountuhbility.
6. Announce nevly acquired documenis in the ASTIA Tecknical abstract Bulletin
within JO vorking days.
7. Provide quarterly aod anmual usulative indexes tc the Technical Abetract

Abstract .
To accomplish these objsctives 1t vas Jetermined Lhat the folloving sutomated

“



apnvlicatiors were necessary:

1. Antomatic rejuest validatior to detsrmire the need-to~knovw and security
clsarance of the non-military.requester.
2. Aut.matic inventory contrvl,

3. Automatic document sccountability.

4. Automatic identification of documents requested without refsrence to
specific ASTIA catalog mmbers.

5. AMutomatic duplication check of nevly accuired documenis,

6. Automatic index preparation for the Tectnical Abwtract Pilletin,

7. Automatic czearch uﬁd retrievrl of information held in the ASTIA document

collection.

Most of the applications readily 1dent. fec wers aseociated with the
processing the iequests for dccuxents., These vere "business” or general
purpose arrlications. Tbc sprlications associated with irforration
retrisval vere not 30 readily identified, Ns tried everything from brain-
storeing to oiport consultetion. ‘Uo aleo relied heavily on ASTIA's cwn
research And experience ip this area over s perind ol several years, 4t
this utaaokln our progress ve had to settle for eeteblisting only the short
range objectives for the iaformation retrieval application,

After ve bad identified the automated applications, ve next concentrated
on the inputs that would be requirec, We identified the administrative and
bibljegraphic filee involved, and the preliminary processing that would be

~ required prior to conversjon of tho-:—glloa 1ato mackinable forem, Ve
dctor:lnodvthooo aroas vhere files did not exist or vhers they could nbt be

used ia their present form. The oreation of an authoritative Thesasurus of

descriptors Lo be employed in the automated retrieval system 1s an example

of ome of thre major taske of this nature that vas identified,
5




It vas next necessary to csterrine the rescurces required to accompliah

cur objectives. Tre Cormander rad sstabliahad the concapt that thers must be
no reduction in ASTIA's services and that no backlogs coula sccumulate during
the conversics from the manual to automated cpsrstion. This recuired an
svaluation of the magnitude of each tauk to be accomplished and ASTIA's ability
to accosplish within tre resources to bn wade availible during the period of
izplementation. |

The next phase ic deveiopirg the planning base wvas to refine the flow
charts of the automated operation and establi-h s mester scheduls for
inplementation. (See Attachment ) Before thess sctions had been
accorplished, 't became apparent thet the c'qu!pmn: originally recommended
wvould not provide us, within the resources that could bs made availabls, the
ond products we desired in accordance with the timing ve had established.

By this tize we had become very much interested in the Reaington Rend
new UKIVAC Solid State coaputer (US&')O)‘ vhich had been announced sulsequeat
to the submission of our proposal to automate., Only the punch card configura-
tion of this computer that kad been announced, and a punch card operction would
not do the complete job ve had in mind, However, further examination of the
USS computer convinced us that with tiie addition of magnetic tape and rendoa
access capablilities, St would do the job we bhad set out t do ~=both the general
and specisl purpose applicetions that ve had envisioned.  Additiorally, & eloser
examination of the potential of this computer led us tc re-evaluate doth our
short range and lorng rasge objectives iﬁ sechanised search and retrieval of
information, You will thr more on this subjeat from Wr. Barden in reference

to cur plans for integrated dats processing.

®IBM 6950 RAMAC with netic tape for "Pusinesas” application and the IBM 9900
‘gpocul Izdex Analym for 1nrg.muon ntriml.” '

6
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While the (rfice of the Secretary ¢~ Deferse was still evaiuatinp our
proposal to automate-~pertars with scre skapticleyb;in view of our propésul
being tased on providing better and faster service at somewhat higher coaﬁ-
we submitted new ecuipment vouchers for the Remington Rand USS90 computer.

We supgorted our cianpe ir the selection of hardware on the basis that we could

ncve faster toward on*h cur short and lonpg rarpe objectives, and at leas cost

than with the ecuipment that we had originally recommended. This was also
true for any other hardvare then on the open market. On this basis we aold
a bill of goods—Cn 24 Juno 1959, Headauarters USAF geve its firsl arproval,
with an on-the-air date for the USSYO card conriguration of 15 February 1960;
the magretic tape configuration 1 July 1960; the RANDEXl:o be added on ér
about 1 Cctober 1960 - '

We did not receive the offlcial notification of the approval until 7 July

1650 However, on the basis of the advance.knowlndgo of the USAF approval, we

were abie to process a contract on 25 June for the file conversion regquired for

‘the business application of ocur operation. Thus we were able to use funds we had

withheld from lower priority contractual rrojects during the year, No additional
funds have to this day been provided by higher headquarters to implement the suto-
mated operation, (nly the equipment rentsl has been assumed by ARDC. If we hal
not been able to process this contract, it is uniikely that we could have nﬁtonntod
during this Fiscal Year, Our detailed advanced planning liad paid big di~vidends
from the very beginning.

With the offficial approval in hand in ehrly July 1959, imnlementation tempo
increased. The Data Processing Branch was estadlirhed and prograsming and file

corversion got under way. The EDPS Planning Grouﬁ cortinued to runctloh ass the

*Remingtor B.:2 trade name - Fanirm Access Unit
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svaff monitoring medium, Project ¢fficers wers aasigned to dirsct each of the
major {mplemantins actions that the group had identified,

The Univac Divi‘elon of Remington Raad furnished cne systex=~ anslyst and one
profrasmer full time to assist in developing the computer progrars. This service
Jas included in the fi)e convsrsion contracig Ia addition to the services covered
in the contract, Remington Rand Univac proviied technical assistance end the
facilitiea of {ts Service Bureau on an on-cell basis. Although the equipment

contract provided for 4C hours ol debugging tire, all the time that we could

profitably utilize was made svailable as ve needed it.

During the implementinz period, the Deputy Director of ASTIA usually
attended the veekly meetings of the EDPS Planning Group, and pariicipated in
the actions of the group. When Comrand approval vas required for design or
format of end products, or for any deviations frox the approved plan of
action, the project officer would schedule a meeting vith the Commander to
prsssnt the f;étcra tasring on the zstter under considerctiorn, A sort of
informal steering group conaisting of the project officer, the reaearct. recuire-
nents officer, the chief of the Managerment Divisiorn, and usually the clief of
the operating division most concerned participated in these meetings wiih the
Commander,

The Cozmander reviowed tl.e minutes of the weekly meetings of the LEDPS
Planning Group, and was usually awvare of the actions that were on thre way up.
There was no instance of nmajor disagreement on significant issues among the elements
of the ASTIA staff, Command decisions were f~rthcoming or. a timely basis. The

Commander maintained a deep personal interest in the automation program ard

fnsisted trat implementing actions e comploted on schedule.




Many ASTIA people made significant contiibutions to the successful conversion

from the manual to the {irst stage automated operati-n., This conversion was mede
on the date scheduled, without the benefit of parallel manual operation, This paper
was preparsd just four veeks after the onerstion was put on the air, Although the
data cleanup has been challenging, and the workloads the hiyhest in the history of
ASTIA, the first stage operation is approaching routine, We are now reprograming
for tapes and developing new programs for the added applications of the second and
third stages of automation scheduled for 1 July and 1 October 1960 respectively.

The pressure increases daily, but all of ASTIA is behind the effort., The Data

Processing activity is operating in a permissive etmosphere,

; N ‘ T B % -




Chapter 2

Selection, Training and Relocation of Pcrsonnel
. by Leroy R. Barnes

Jeneral Situatiocn

1. Colonel Hamamond has bricfly outlined the et -ready phase of ASTIA's
automation progrem. The subject of this paper is persocanel--selection,
t:aining end relocation. As in any conversion from essentially a manual to
an automated operation, the personnel aspects of the conversion are both
videspread and, in nany instances, a very personal, close to hcue mstter.

I doubt if there is a single employes in our Agency wao feels he or she has
been unaffected by our automation pro.ram. As s astter of fact, there are
fow if any persons vho have not beea affected evea if only sli htl,. Xor !
exampls: The mail clerss now process requeits ia punched card form; gov that l t ,
vwe bave inventory control, the documeat stock clerka ouly nandle those requests
for vhich there are documents on the shell; tae eupply clerk is ncy ordering,
stocking and controlling many nev itens of suyply and equipment.

2. 1 could go oo with many wore exseples of the effect of evtomation
upon pecple in all orvanisaticnoal uaits. Suffice it to say that everyune
i{s affected, duties are chan;iz;:, and the cld day-to-day routines are no
longer epplicable. We have been told ell of our lives that people resist
chan; e~--that they do not vant their daily routines upset. This is cenerally
true - aud is pasticularly true 1if they ¢‘n aot ioformwed of the nature of
ths change and cannot personnally sstimate toe impact. In ASTIA we made
s very definite polat df keeping our personnel laformed. It.: is the Coamender's
policy to infum tbe pecple of planned uctiou and keep them i{aformed to the ‘
¢reatect extent possible. ‘ '

Keeping Employses Infou ed

3. On 15 September 1758 a memoraadum, subject: “IBM Traintug", vas
provided All Supervisors and Employees of ASTIA fram the Coamendar. This dats

11



wvas 17 months ahead ¢f the autasation operutional date and 20 montLs or more

abesad of any possible adverse mploye:mmlun. In this mesorendum employmes
vary arged to take an aptitude Lut,/to take advastage of local training
courses to fit them for the new positions in the autumated operation. 7The
poilat I am zaking is this-~ASTIA employees vere informed of the autcmation
plans st the earliest possibtile date; they vere kept informed; and most
important, they vere givea the opportunity to participate and vere selected
for thesc nev positions. The muits bave been dramatic--we ﬁw Dot oaly
fone forvard in a "permissive” atuospbere a8 poisted out by Colonel Hammond,
Lyt 1t also has been and is an enthusisstic atrosphere. T counter any
raised syeorows, 1 offer these facts: (1) During the past year and a half,
there bas been 00 appreciable change in the total number of ASTIA employees«-
346 in September 1358 and 352 today. Por oue suort period ve did bave
Qproxmnely 360 wuo@ol assicned. (2) Larce backlogs both ia document
procesciu’ {cataloging, abetracting, anacuncement) and in request processing’
vere elininated. (3) The major personnsl effurt (25 man-years) in the
preparation for autaation vas sccamplisbed io house--the development of the
ASTIA Thesaurus of lJsscriptors and the ssscismment of the descrintors to tbe
AD collection (tbe suvject of Mr. Rehbock's paper); the trainiag of pervoansl;
the development, testing, snd debugsgiag of the camuter progrsams; and the many
otner time-consuaing aspects of getting ready for sutumatioan.

b. I sutmit that this all-out effort reflects enthusiastic support and
an amagiansly high degree of pcrsonal and unselfish effort on the part of
enployses at all levels.

S. I bslieve that the success of this proyrem is directly cttributable
to the participation of our experienced personcel, and it 1s ny fim cnoviction
that ve could not bave hired enouph EDPS specialists as such to have progressed

this far.




Phase Out

6. To provide a partial insight into speciZic aspects of the staffing
for EDPB, 1t 1is pertinent to briefly dsscribe the kinds of eupl.yees in ASTIA.
In the Document Processing Division, Scientific Anulyeis branch, *the person- .
nel perform & subJect analysis of the reports and review an autnor abstract
or prepere an abstract. In the main these people have scientific or tech-
aical backgrounds --Mathematics, Physics, Engineering, etc. The Civil
bervice people have had difficulty associating these qualification require-
ments with the Job title category of Librarian. In the Customer Service
Division some of the employees have & background similar to th-se in the
Document Processing Division wvith somevha! more emphasis on the Reference
Librarian profession. Since these people m _directly associated with our
customers in their day to day work, there is the requirement for a high
degree St public relations competency. The Reproducticn Division is
staffed wvith personnel experienced in printing, photosraphic and related
fields. Throughout the entire organization there is & fairly high per-
centage of persomnel with varied backgrounds- no specific pattern - who
bty long service in ASTIA have become qualified "Documentalists®, a desig-

nation that is grsdually dbecoming fu.ily recognized.

7. A "phose out” study vas campleted in October 1j)5%. Thig study
identified, 12 gpecific detail, positions associated vith those functions to
be automated. This survey did oot deeal vith related sdministretive eund
supervisory positions that would be affested. There vere 25 cperstional
" positiocns affected.

Staffing the Deta Procssuing Dranch

8. With fev excepticns, the persomnsl to the Data Processing Brunch
were resssigped from within ASTIA. They brought to their asv jobs a vealth of

13




substantive program knowled.e and expericace. The concentration of experience,

the timeliness of trsining, the tboroush systems analywis, and pre-cperational
progren developmeat, testing and decvugping have largely camnpensated for the .
lack of aumbers.

9. In the initial pruposal, the manning requirement for the Data Processing
scﬁﬂt.j vas 27 speces and an cstimated eventual savings of 70 spaces based oo
sstinated requirements io & masual operatioca. With the change from I to Rem
Rand wquipment predicated upon certain conceptual changes, tbe maaning require-
sent changed to 17 civilians plues 1 military for the faitial operstion -

Pisse ! (punched card operstica) - with an additiocoal 3 civilians under Phase II
(aagnetic taps) begioning 1 July 1360. - subsequently vith sdded vorkloads and
progrem changss, & requirement of 3 additional civilian spaces vas recognised

for a total of 23 civilians and 1 military. A sanaing chart is included as TAB A.

10. To provids a basis for screening, selection and traiuing, three
aptitude tests vere given ABTIA amploywes vith tns folloving results:

Test Nusber Participatisg Range of Scores .
Aptituds test for KDPM
Prucramers 18 67-A = 4D
Punch Card Machine Operetor
~Htitude Test - IBM 65 bl-A - 1D

Card Punch Aptituds Test
(The Psychologicel Corporatiom) 6% 16k-A « 57D

Alloough the test results vere not conclusive ia all respects, there were
tndicators vhich prcved very belpful in making selections.
11. The 3} assigned prograzmers scored G7 A, %9-B and 53-B, 3 of the b
Dest scores in toe programmer aptituds test. The background, vtnl.ntu and
axperience of our progremming steff are oignificant. Tbhs seaior programmer
bus & master's degree in mathematics, b ysars of bidbliographic experience ia .

ASTIA and six mooths pre--ious sxperience as a programmer trainee. Another




programuer has an sccounting background vith ccveral years of administrative

experience in ASTIA. Our third programer is a Busioess Aduinletration major
who vorked part time in ASTIA wkile obtaining his desree frum American Univer-
alty u.nd then had detter than a year's experisace in the maunagement engineering
staff prior to bis assigment to data procesain;. The console operstor had
several years' experience in tbe report processing (cataloging) function in
addition vo cammunication equipment coding and opersting experieuce. The
programers and console operators double is bress in performming the procremming
and computer operations. This arrsngement has provea invaluable fo the develops
ment of their proflciency.

12. Another factor that contributed to the succecs of our staffing vas
the arrangement vhereby ve selected the Lest of the cerd punch operators from
the Res Rand employees vorking on the service cootract. The timing vas ideal--
ve exployed thew just as ths countract vas being wouod up!

' 13. A brief sumary of the relocation or reassigmient of ASTIA employses
to the Data Processing Brench is pertineat. Tis Branch Becretary, the FCAM
Supervisor nnd & Programmer vere tracvsferred from the Plans and Analysis Branch,
Mansgement Division; tvo Prograummers vere transferred fran the Custoner Service
invtuoa; the Console Operator was transferred fram the Docunsat Processing
Division; and the PCAM (Xey Puach, Tabulatiag, Clerk-Verifiers) Operators vere
trasnsferred from all turce opareting divisions.

1k, I heve approached this task of descridiag ASTIA's experience ia
selecting and training a data processing steff vith tongue io cheek. I believe,
vitbout qualification, that the success of tbe progrem is nootly tia result of
exeopubn.l staffing. ‘

15, 48TIA's "dats processing macager” has over 20 years of military
service vith the Army Ragineers and the Alr Porce primarily in geodetic and
cartogrephic vork. He has camnand and staff experience in the Amy, Mavy and
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Alr Porce. Io the data procecsing field he vas en experienced user of spectal

purpose daca prucessing equliment assoctiated vith his prufessiooal field on such
;pvo,jccta a5 establichiug the lostrumentation grid for (be Cape Canaveral missile
range and for the Special Weap~ns Cxmand test range 1o Revada. His iast Job
before coming vwith ASTIA vas to estadlish the geodstic datum for miassile operation
fras Pomosa agnlast targets oo the majnland. These jJobe are sirmificant anly
in that they required teak foree type organisations and Alrboiae electroaic
survey equipment. Althouch be had no previocus experience xnvnemm documen-
tation or vith ASTIA's cperation, be had about 5 months to study the ASTIA
cperation prior to nis assignent as bro,)oct. officer. It tcok most of that time
to became feniliar vith ths manual ocperatioual Irocedures and to become conver-
cant in the technical and procedursl 1ingo. '|‘

16. The Deputy Cuief of ths Data Processing Bmchv‘.n 2% years of first
band line and staff experienss in date processin:. He bhas a camtionation of
doverument and industrial expsrieacs. iHe 1s the only principel menmber of the
orcanization recruited from outside the Apency. Prior to joiaing our staff he
vas on the Hq USAF stuff and vas larcely instrumental in steering ASTIA's
proposal throuch USA} and DOD. He brousht to cur operation a vealth of experience,
knov-hov, and cavyy and has made an immeacurable contribution to the success of
the prograa.

{+ 1 could name many others in ASIIA who have made great contributions
10 ths success of the project--thils has truly been a team effcrt. An oxample
1s the PCAM Supervisor vho is & Princeton graduate vith a Poreipn Affairs major
and three years experience as & translator in aldition to eight years in s
variety of assizmasnts in ASTIA. We discovered very early ian our opsration that
the nquirclunu of titis position vers nmuch bLeyond botng‘ Just & “supervisor" of
machins operations. There was the requirenent for a pn&n vith datailed know-

ledge and experience in request processing - the function beinr automated.
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Training
18, The training of ASTIA Employees for EDFS falls into two general

categortes: (1) specific truining for progrumers, console operators, FCAM
cperstors and (2) ecou.ses offered locally by universities such as this one -
*Problems in ADPS”".

19. 1In tre first category, our programmers and congole operator have
al)l bad a crocuntrated four vesks course in basic programing and & two veek
course in Flowmatic Programing. Three other employees - one fraom the Reproduc-
tion Division, 7ne fram the Customer Service Civision and one from the Plans and
Analysis Branch, Masnagement Divieionm - took the Flowsatic Course. The FCAM
operators ruassigoed frum vithin the Agency vere all giveu speciolizad
training by Reaw Rand in the macaine opcmuou.'

20. In the second category, selected porlcnnel from all parts of the
organisation are taking after duty courses to lserm nozre sbout EDPS. This
fiscal year a total of 32 ASTIA employees vill bave completed the course
"Automatic Data Processing Systems” and 7 are taking this course, "Problems in
ADFS” provided bhere at Arlington Hall by American University. |

21. Through the years ASTIA has had a limited but quite significant
career develomment and treining pregras. Jor example~--two of our key people
have bad the AMA & veek Mansgmment Course, and ve have provided specialized
courses to larie aumbers of our personnel in "Docuseriatiun” and ‘Management
of Bcleptific Information”. This yesr our progrem has been almost entirely '
devoted to EDFS tretaing. Iocidentally, our treioing progran this year is being
fundad at about $3,000.00.

Sumary

22, At this poiut fu time, the situation is estimated as good or better.
ABTIA's autamation is oo schedule and it ves an smbitious schedule. We were
oo the air 1n less than 2 years from the beginning of the fessibility study.
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Io the month and a half of operatiuus, we have overcoume every obstacle - there

bas been no ionterruption of operation or service to our customers. The flov of
vork 1s beginning to even ftself out and service tize 1@ alicst back to the
izmediate pre-autamated cparation tise vhich vas the best 1o ASTIA's history.
This bas been accaplished {n the face cf ever increasin: vorkloads - in March
we received over 50,900 requects for documeats - the highest number in the
history of the Agency.

23, The question of the {mpact upon Our personnel has been raiged, The
initial impact is past - by far the majority of our personnsl have made the
adjustrent. Many of them are in nev pusitions vith greatly expanded earning
potential. There renaiy a fev (about 17) euspl syees vho are occupylng positious
that are in the process of Seing phased out. Tiey have not as yet qualified fér
nev positicas thet are developing. We have not bad nor do ve anticipete he need
for a reduction-in-force procram because of conversion to autamatioca.

24, The future looks bright from the perionnel viewpoint, 'wm:m the
approved crade structure, there are rrungtional opportuaities for the next
several years io tbe Data Processing Breael. \muq m‘nry near fqturo, ve
plan to imploent an approved CSC tretata; and prumotion procram that vill
perait hirisac & linited nusber of carefally selected truinees for future staffing
io the Data Processia; Branch as vell as other arcas in the agency.

2%, There 1is nc simple formula for the successful handling of personnel
aspects of convertir to autamtion. It ie a combination of many things. Listed
in order of inportance:

(1) A navager sith both cumimad aod ctaff experience with the ability
20 et a job done on sclhedule

{2) Supporting staff experience

{3) A plannoing group mads up of executives and managers high enougch
in the organizatiocn to reach conclusions and assign resouices

to get & Job done
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(&) 8election of the key persocnnsl for the Date Processing Branck |

from the staff and operating elemeats
(5) Timing - trsioing, proran development, testing, debuvgging.
26. In sumwary - it can be stated that by informing ycur personnel at the |
sarliest possiible date, Dy making pocsitle their participation, by selecting the |
’ pecple from vwithin the organization, by providiug for their trodaning for their

nev assicwatec - thess are the elaments that spell cuccess 1in s coaversico to

sytomation.
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Chapter 3

File Conversicn, Data Cleanup and Inventorv Control
by Fred A. Keller

FYLE CONVERGION
In order to understand the extent of the conversion tasks, one
must be familiar with the size of the ASTIA collection and the
variety of files that had beeu established over a pericd of years.
During this period of approximately 15 years, ASTIA's collection

had grown to over 750,000 iniividuel reports. Curien*ly, the

accessicns amount to approximately 30,000 pev reports annually.

The files that are naeded to permit proper servicing and

control of such a collection are as follcws:

8. Source - record of each report filed by source,

fully identifying each report.

b. Validation File - recora of subject categories,

current security classification and relesse limitations arranged

by AD (ASTIA Document) number.

c. Security Control File - rscord of current security
classification and authority therefore of each report in the

collection.

d. Catalog - record of eacb report by subject, personal
author, project or contract number as appliceble.

e¢. Inventory - record of number of copies of classified

reports oa hand.
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f. Field of Interest Register - record of each non-military

user's eligibility for ASTIA services - includes subject areas and
classification authorized, contract number and date of expiration of

the contract.

‘The ASTIA collection consists of several different aeries; In
preparing for sutometic data processing, it was decided that only
the most recent series, i.e., AD, warranted the effort involved in
file conversion. Even on this basis the task was of staggering
proportions. For example, the source file averages one aud one half
cards per report, and the AD series consisted of about 200,000
reports at the beginning of 1960. The source file requires up to

89 .alphanumeric characters of information for complete identification.

The validation file and the iéventory file for the 200,000
reports were combined and required up to 30 numeric characters of
information each, of which about one<third were ron-standard pﬁnching
as explained in the discussion of the field-of-interest register file.
The inventory information had to be added to the validation file on
a carefully controlied besis just prior to the oﬁerationnl date for
EDPS. The task of taking the inventory 1s doscribed later under
Inventory Control. The security coﬁtrol file, being an authority

file whicn continually required manuai access, was not converted.

The catalog consisted of sbout 1,500,000 catalog cards filed

by source, sublect, personal author, project number and contract




number. This file had been manually maintained and was growing at
about 200,000 cards per year. This file had to be replaced by
approximately 1,800,000 punch cards representing descriptor-document
combinations for use in the machine retrieval system. These punched

J

cards required an average of about 20 numeric characters each.

The Field-of -Interest Register (FOIR) file involved only about
4,000 individual contracts for some 1,300 contractors. However, it
was one of the most difficult to convert because a user's reed-to-
know could encormpass any one or more of soﬁe 240 subject categories.
ﬁn order to effectively reflect the subject categories in one punéh
éa‘d, it was declded to use dedicated positions in about 70% of the
card. This entire area therefore required non-standard punching.

A seven digit code was established for each user. The first four
digits represent a specific user and location, and the last three
digits represent a gpecific contrazt. In addition, a "via" office
must be designated for each non-military user who is authori~zed
access to clﬁssified information. The “via" office is represented
by a four digit number in the same series as the uger code discussed
earlier. The FOIR card can require up to 260 numeric characters of
information with the average somcwhere around 100. As an indicator
of the impact of non-standard key punching, the rate for the FOIR
cards was 295 man-hours per thousand compare¢ with about 11 man-hours
per thousand for the source file which is a more conventional key

bdnching Job. This type of FOIR card carried all the information

23



2
B
%
i
by
-
ke
it
p)
4
I
5

required for processing requests as; far as user eligibility is
concerned. However, in order to facilitate manual access it was
necessary to establish a user code-user address file (averaging
about 5 cards per user and ‘about 50 alphanumeric charactevs per card)
arrangsd according to user code and another arranged alphabetically
by user name. Finally, it wus round necessary to establish a user
code-contract number file (averaging about 20 numeric characters per
card) arranged by coutract number and according to user code in

order to facilitate manusl access to this infcrmation.

The conversioca of all these files was accomplished under cortract

and timed to permit ASTIA to become operational with EDPS on the date
initially scheduled.

DATA CLEANUP
The scope and extent of the data cleanup were recognized early
in the planning for automation. Insofar as possible, data cleanup
was accomplished in advance of flle conversion. In some instances

it had to go along concurrently with conversioa.

ASTIA's task in the area of data cleanup has been a difficult
one because of the variety and extent of its working files plus the
fact that, in automation, some files would be ccmbined which had
previously been separate and vice versa. The source file was a

tremendous task because of an almost unbelievable diversity in report
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numberiry systems that were in use. Contract numbers (which are
iccorporated into the source file) also reprasent meny ditferent
concepts in terms of what is significant iu a ;:ontract number. In
order to agssure accuracy and consistency in the punch card file, it
was necessary to establlish grcund rules for standard types of entry
in these instances. Then a source file had to be meticulously
checked for accuracy of information; report numbers and contract

numbers had to be edited reflecting exactly how they were to be key

punched in accordance with the gwound rules.

Some items of information were common to more than one tile.
As the key punching progressed, machine runs were made for correlation
of the data. Wherever there were discrepancies (and there were
many), it was necessary to go back to the source of the information

in order to ascertain the correct information.

Data cleanup in the validation file required standardization
of distribution limitations. These had been in use for many years.
During this time the philosophy of distributipn limitations had
undergone & number of changes with the result that in the manual
file there were many cases in which a variety of limitation notices
meant the same thing. Consequently, after stendardizing the

licitations, it was necessary to screen the entire file and annotate

the correct distridbution code for each report prior to key punching.
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In another aspect of data cleanup, the data processing system

was brought into action. It was known that there were numbers in
the AD series tor which the actual reports had been cancelled or
superseded. In other instances the numbters had never been used.

Following completion of the validation file, a machine run was made

to print out all numbers for which there was no validation information.

This 1ist was then checked against the original source file and the
microfilm file, and it was found that in some cases reports had been
entered into the system without being fully cataloged. In ouhers,
there had been cancellations without reflecting the action in the
shelf 1ist (numerical file). In view of ASTIA's split operation
from March 1953 through January 1958, it 1s not surprising that
such a situation had develored. From a management point of view, .
the notable aspect is that in the manual operations there had been
no effective way of systematically bringing these.discrepancies to
someone's attention for correction. Occasionally an isolated
instance would be discovered by accident and corrected. But that

was as far as it went.

Again the FOIR file proved to be one of the most difficult.
Some users had been established under a variety of codes and
addresses covering the identical locatior. This gsituation had to
be rectified, and 1t took one employee six weeks to develop the
needed standardization and reflect the changes in the manual file,

the punch card file and the addressograph plates.
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Finally, it was found that codes for "via" offices were in a

different series from those for userc. Since many of the "via"
offices are also users, it was decided to assign codrs in the user
deries. Tuis action required many man-days to accomplish, but it

will pay dividends from now on.

Naturally, a cartain amount of data cleanup is still going on
and can be expected to continue. The important point here is that
the data processing system, itself, can be brought to bear t+- keep

it clean.

INVENTCRY CONTROL

At present the mnst economical means by which to achieve vastly
improved service in processing requests is to increase the ratio of
requests {illed from stock versbs the requests that must await
reproduction. Historically about 45% of requested reports have been
available from stock and about 55% have to be reproduced. The time
dapends entirely oa the reproduction workload and the types of
reproduction that can be used. The time required for reproduction
may not be approciadbly reduced, but the percentage of reports avail-
able from atcck van be vastly improved. To actieve this improvement,
it is most importanrt tc develop a mechanized 1nventory?5ntrol in

conjunction with the EIPFS.



Uity ("o ) statinty 4 ooo. be meintained

for eoa aorawent d apster Lo prosviae Por proper ifnve.iory manage=-
ment.  Thece statistics ard stoen levels must te immediatel, available
Freferaily oo cnadow wuecess basis inoorder to ddeter ine t.oe

availability o a requested docirent, to redice lead time by Laking
maxim.r Ldvartage o) quantities whiclh may already be in repraduction,
to elimi:ate u shelf check ror non-existent stock and to determine

optimum . -orler quantity if reproduction is required.

It cnaoull be kept ir mind that unders the uanual picceduares <1l \

user iequ'sts ux:crt {or those docuners that were known to have

been destroyed because of age were sent direct to storage areas,

and a shelf search was conducted. Requests for documents vi:ich were

not available from stock were-then forwarded for repraduction to

service the particular request or additional regyuests for ‘he same

report in the e :nt they were discovered during the film stripping

process. In the summe» Jof 1956 an inventory control was elublilhed

to account for all request actions against clagsified reperts. This

made it possible to develop some usage statistics and thereby devise

a formula which could be applied for reproducing popular reports in

quantity. The coyies thus reproduced wvere placed on the shelf wiih
the result that subsequent requests were handled more quickly, and

the cost of reproduction was appreciably reduced.

As mentioned, this procedure applied only to classified reports

vbich account for about 30% o the total requests received daily.
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The procedure could not be applied to unclassified reports because

no accountability was required, and inventory control of unclassified
material was too costly in the manual procedures. Obviously, the
automatic invenzory control which would be possible with EDPS consti-
tuted an important advantage. But to realize this advantage it was

necessary to bring the remaining reports under inventory control.

How was this accomplished? A3STIA had this tremendous volume
of reports on hand in various unznown guantities. A master inventory
punch card was designed by ASTIA, printed in quantity and prepunched
by Remington Rand. Physical inventory of holdings was scheduled
during weex-ends, and absence or presence of reports with number of
copies on hand was recorded on the master inventoty cards. Immediately
following the physical inventory, the information was key pimchsd,
and subsequent request actions were recorded by updating the inventory

master.

As a result, inventory levels and usage statistics are maintsined
in the document record which also contains the validation information.
Thus, whenever a document is validated for release to & requestei‘,
the iaventory information is used to determine the correct action -
to be taken to fill the request. At the same time, 1nvchtory and
usage nufistics are updntgd. If reproducitivu le required, fnc usage
statistics are applied to the optimum re-order formula, the mnber
of coples to ta reproduced is determined and a punch card reproduction

order is produced. This is analogous to a back order to stock in a
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conventional supply system. Tre fact that & reproduction order

has been issued 13 recorded by showing the quantity on order.
When the reproduction has been completed, the number of va].id“1

rcquests held against it is deducted and the 1hventory is upiated.

Finally, the physical mass of stock copies on hand can now be
effectively controlled by the EDPS. All ioventory records are
periodically screened by the compuf.er in terms of usage since date
of apnouncement vy ASTIA. Reports which reflect very littley or no
activity for a given dperiod of time are automatically listed for
destruction. The perscmcl' who are responsibile for the maintenance
of stock need only remove the listed reporta making certain that
they verify the qmntity of coples of classified reports u_;d

certify the list as sccurate.




Chapter 4
Human Aspects of ADPS
by S. Edweré Pope
This weview covers some of the human aspects and related operationsl
problems of the installatfion of an Automatic Data Processing System (ADPS)
by the Armed Services Technical Information Agency (ASTIA). The full
f impact of the total traasition will not be apparent for some time, due
to the incremental phasing-in of the ADPS ipstaliastion and operation.
Onl’ the initial phase (doﬁumeng request processing and document inventory
management) has been started (this tegan 15 February 1960); phusu II
(application to information control and retrieval) was scheduled to begin
operstioca 1 July 1960 and has been rescheduled for 1 August 1960.
Paychological and emotional reaction of ASTIA personnel related to
ADPS iostallation seemed to range between blind unquestioned acceptance
of the system with the implication that it is capable of almost any feat,
and blind unquestioned rejection of the system vith the implication that
1t will never vork sstisfactorily. There was some indication when operas
tion vas originally begun that most people seemed to lean toward one or
the otber of the above extremes, with relatively fev people demonstrating
an equatorisl feeling. However, there nov seems to be a more general merging
of these vievs demonstrating more pronounced villingness to critically examive,
understand, sod sccept reslistic cepabilities snd limitations of the ADPS.
Some of the other human sspe~ts cousidered here are those related to:
a. Customer Relatious '
b. Impact on vork life and habits of ASTIA associates
cs Future Effects

d. Corclusious
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CUBTOMER RELATIONS

Initinl operetion of ADFS is revealing a need for great emphasie on
an overall Custamer Relaticns and Bducation Program to apyrgise the R&D
orgsnizations vn the critical aspects of the parts of system with which
they are directly concerned. It also reveals a requirement for improving
our cspability in day-to-day service contacts with the RAD community. Some
of the ratber routine operstions into which the human factor has thrown a
kink are illustrcted by the following:

The Document-Request Porm (ASTIA Form-1) vas carefully developed to
iaclude pre-punching by ASTIA of the address code that distinguishes a particu-
lar organizatiocnasl entity address from all other addresses in ASTIA files.
Resserving enough space on the form tor.u printed address, in an area not
susceptidbls to mutilation by punches, had posed a problem. It was felt that
pre-punching the sddress code would adequately insure machine identification
of the ;eque-ﬁ.ng activity upon subdbsequent return of the request form to
ASTIA.

This fesature vorked fine, except for the use of the pre-punched blank
to:ﬁ by recipients 1in s sort of musicel chairs game. Apparently some
sctivities have Yorroved the forms from other organizations after their own
supply vas exhausted; in same cases military sgencies huve passed their forms
to some of their contractors. When the exchsnged forms are sent to ASTIA,
the documsnt regueatsd (42 '-'aliji‘.:ed) is autcuv.lical‘.y sent the oryninficn
1dentified bv the pre-punched code (probebly to their surprise). We are now
revieving a formet for possible changes to provide for this and other improve-

meots. A fair share of problems has also developed from the familiar but

undesirsble 3tapling and mutilation of punchecard request forms.
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Sume nd ustments are required by the recip (nts of ASTIA service. This

‘s required primarily by the change rrom a multi-copy uniset document-request
form to a siugle copy punca-card document request fcr, (sample ettached), and
L ase of g new type (punch-card) shipplog notive.

TMPACT ON WORK LIFE AND FABI!S

From an overall standpoiut, almost everyor: of the 360 people assigned
to positions in ASTIA has been cr will be effe:ted, in varying degree, by
the iostallation of the ADPS. Some ASTIA assc .ates will be directly affected
in a conclusive and decisive masoner by abolitica or rsdical changes in their
positions; other associates are affected less radically such as by changes
in procedure, or in some 1uitances are affected only indirectly. In between
these two groups is the large group of individuals whe will be uubotantinliy
affected by the changes sccompanying the autametion of ASTTA. _

Temporary Effects

Some of the immediately felt changes in connection with ADPS were
temporsry in nature. Among these vere the effect on the various sssociates
who felt pressures resulting from the necessarily closely scheduled prepera-
tory work for the ADPS instsllation and operatiocn. This included: file
preparation, coanversion, snd clesnup; preparation of the ASTIA Thesaurus;
the close checking of large massés of items concurrently and immediastely
after the operation vas started. Thee~ are all outlined in the other presen-
tations.

In many instances the vork was related to,but in addition to, regularly
assigned duties; a great deal vas on regulerly scheduled overtime over an
extended period, end in many casas ianvolved special sssignments and tempurary
detail of persuvnncl to different positions.
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The first two resulted in rather ncrmal human reac..ons o1l physicel and

mental weariness, irritatility, and genersl lowering of personal effi:iency,
in some cals. is would lave been much less acute with a longer period
scheduled for preliminary ard preparatory Qork, cr coupensatory increase in
personnel resourcec to ke Agen:y, or an optimum ccmbination of botia.

The special assignmentc in many instan-es resulted in an interesting and
enlightening experience for the essociates invclved. Huaren adjustments by
assoclates have been required in rclation to the use of numbers on a much
larges cac. < and by modification in the techniques involved in the nec of
numbers. A change requiring human sd ustment in working with numbers is
required to match rejected dccument requests with the ADPS explanatory notice and
s mailing address label which involve matching address code numbers on a large
volume vasls (sample attacied). sométimes the document number and address code
number get cconfused, This sontrasts wish the previcus procedure lnvolving tue
use of the address for any matcuing under tke manual system.

Another example is illustrated by dccument requests coming off ADP machine
runs in descending numerical order, rathér than previous couventional ascending
order. In previous similar situstions, other persornel have found this
arrangement equally satlisfactory, after adjustirng to such a procedure, and no
douvt ASTIA assoclates will develop a simiiar response.

Major Permanent Effects

A high order of human adjnstment i3 required by thirty of the assoclates
10 ASTIA wbc hawe teen sffectcd in a most decisiva and conclusive manner by
functional and procedural chapges under which their positions have been phnled;
out (or will be by :0 June 1960)., Tour of these pecple have been, or are in the

process of being retired; three having elected to take advantage of the
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provisions under Civil Service rules for involuntsry retirement., The
remsinder of the abcve mentioned thirty esmployees have been, or ere
expected to be placed in other positions within ASTIA. This is being
accamplished tarcugh attrition., A few of these employces have been
transferred to the Dsta Processing Branch =~ primarily clerks and clerke
typists vho vill be required to learn new skills. So far, approximately
twelve othar employees have elected to transfer into the ADP3 operating
pusiticns because they considered it to be a good personsl opportunity.
Some of these were oelgcud from Data Processing aptituds tests snd trained
in nev skills (progremming, equipmen: operstion, key punching, etc.)

Adjustmsn® by many other ASTIA associates, in most cases, is less
drastic than sams of the sbove, but quite substantisl. This includes
adjustment relating to a decrease of persounel assigoed to certain functioms
The transiticm to an operations). decision<by-exception pbilosophy results
from capability of ADFS to handle routine request processing. This will
place s premium co humen capacity for consideration and decisions required
by the largs volues of remsining exceptious.

Soms adjustments are easier. An example of this is that related to
trensition to the stiffer punchecard documenterequest form from the relative
flimsy uniset form. The card: sre much easier to manipulate and handle ion
the request filling snd processing operaticas. large improvement in persons
efficiency has resulted from this in conjunction with the improved inventory
control resulting from ADP3. Cther substantisl sdjustment requireaents wild
be reisnd in the nesr future in the Bibliography, Reference, and Identificat
Service functicns in which ASTIA sssocistes have developed very good and vev
rapid retrieval proficiency under our irevious manual system. Under this sy
control of the seversl hundred thousand acientific and techmnicul reports wui
mainteined through menuslly compiled cerd catalogs (sample attached).
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Use of the card catalogs will be phased-out in fr-.or of punchecard

files containing similar information, but in a different format (sample
attecbed). The punch-card files will facilitate mechanized checking and
rearranging periodically to insure proper arrangement. This has not been
feasible under the manual catalog system, because of the mass and valume
iuvoived - several million cards in the various catalogs. However, this’
too will require flexibility op the part of the people involved and adjuste
ment to adapt personal techniques to working with the radically different

punch-card files.
FUTURE EFFECTS

As we progress more deeply into the planned automation program there
undoubtedly will be great impact, both positive and negative, on remaining
ASTIA assoclates, which can not be fully foreseen nor completely assessed
at this time. Same of the possible effects are that more people will be
displaced by Data Proccssing equipment and reshuffled into other positions.
However, the adverse effects of this can be minimized, if new opportunities
for improving ASTIA service, to the military Research and Development Cammunity,
are diligently sought. It is essential that a balanced perspective be retained
by all concerned to prevent permitting ADPS to become the master rather than
the servant.

One of the most interesting aspects related to future effects is long-

.range poasibilities for a basic major revision in the Agency mission. ADPS

may well open the door for evolution into a true information handling and
evaluation organization instead of a document handling and evaluation ageuncy,

as at present. Thais is brought into the realm of practicability by the vastly
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increased capabiiity for processing and assimmlating information which

ADP equipment prov[‘ides. This 1s expected to became increasingly more
feagible over a pe;'iod of time as ADP equipment and systems are improved
further fcr this purpose,

Frcm a philosophical standpoint, there sre considerable pluses, as
vell as minuses relative to Human Aspects. We shall not eliminate human
aspects or humon requirements for same time -= ¢ long time in the future.
In fact, this may well be the most >ritical requirement in the near future.
The lopg-range implications for agency employeas senefa].ly teem promising
on the whole. Statistically, e relatively small number of employees have
been adversely affected so far. However, it is scmewhat diffic\;lt for én,
individual %0 bs very philosophical about statistics or the long-range pciai‘t
of view, if he is one of the adverse statistics, or 1s even uncertain about

his personal future.
CONCLUSIONS

1. The importance of thorough, careful snd daliberate consideration
of sll plans, schedules and decisions related to ADPS assessment, installa-
tion, and operstions phase~out/in caunot be over emphasized.

2. The hazards of over acceptance and over estimation of ADPS capability,
particularly to actually reduce persounel requirements, justify special attene
tion and emphasis. This can produce gaps in an otherwise smooth running
operation. The hazard can easily arise as a result of uninhibited natural
enthusiasm for a new system on the part of management and other personnfl.

3. Time for preliminary preparation, plaaning, training and 1ndoc31|:r‘1nntit
service testing < ADP operation, and procedures development and modirication

should be 2iberal’y scheduled to permit adjustwent and flexibility when necess:
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L. Preoccupation with details of planning and installing the direct

ADP System should not be permitted to obscure the attention required by
related affected operations to develop necessary modifications in a timely
and orderly manner.

5. The training sad indoctrination program for the ADPS installation
should be planned to cover procedural and operational changes in related
areas directly concerned, as well as in the direct ADP System.

6, Schedules for phase-out of menual fuuctions, operaticn, and
particularly persoanel should be carefully examined to avoid promature

phase~-aut.
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Chapter 5

Building an Information Retrieval System
' by Herbert Rehbock

During our prelininary surveys, one of the areas in ASTIA which was
found to be susceptible to electronic computer application was that of
information retrieval. This 18 not to say that this was our first effort to
mechanize information retrieval.  In the late 1940's, the pessibility of
using punch-card techniques wae explored. The idea was tbandoned because
of the inherent limitations of punch-card sorting and collation. For the
next few years other possibilities were investigaﬁed and in the early 1950's
a contract was initiated wvhich resulted in the "Uniterm System of Coordinate
Indexing." It was believed that this system could be used without machines.
However, indexing and retrieval of a collection of the magnitude in excess
of 200,600 reports defied mechanization and requires an Automatic Data
Proceuipg System. In ASTIA's cage, it means an electronic computér with

magnetic tape input.

It may well be wise to define wvhat ve mean by information retrieval
since it conveys a different concept to each and every one of us. Informa-
tion retrieval for ASTIA is the recovery of information frrm the technical
reports collection when a request is received for a bibliography on a
specific subject as well as broad areas of interest. maitiqnal],y this
operation hn been performed by searching the subject bheading card catalogs,

a manual, time-consuming operation.




.....

Although 1t was quickly realized tbat information retrieval is
feasible, very lit*le guidance could be obtained fraom either the published
literature or from personnel conducting the preliminary feasibility study.
ASTIA wvas on jts own. During the early considerations we definel our
objectives, which were to coavert tue AD document collection of approximately
200,000 reports to a machinaple retrieval system, and to develop a system
of indexing terms suitable for autamation. A group was formed within the
Document Procegsing Division and with the assiatarce of the Research
Requirements Officer and the Autcmation Project Officer ideas were discussed
on how the project could be approached. A multitude of ideas was brought
forth, discussed, analyzed and discarded. One factor became apparent.

ASTIA had at its disposal two systems of subject matter approack. One, the
traditional subject headings, and two, the uniterm system. By 1959, the
gubject heading system numbered over 70,000 headings and they had served
in a manual system with a proven dsgree of success. Uniterm (single word
headings) bad been assigned since 1953 to each report and those along with
the subject headings were printed on the catalog cards. It was with
automation in mind that the uniterm program was pursued. There was an
apparent ease vith vhich uniterms could be manipulated into machine language,
and their retrieveal accomplished by coordination or collation of related
terms. An additional advantage vas that the uniterms were selected from
the actual document, thus imparting an authoritative character to the
terminology as used by sclentists aud cnglueers.

As the realities of automation were faced in our discussion, 1£
becape obvious that neither the subject headings no~ the uniterms answered

the requiremssnts. Bota Lad much to offer, but there was much to be desired
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in the arrangement of the subject headings and uniterms, the clarification
of semantics, the elimination of synonymous terminology, and the submergence
of obsolete terms. What wes really needed was a dictionary of machinable
retrievel terms suitable for (a) assignment of retrieval terms to the
documenta in the collection, and {b) a tool for ASTIA customers for refersnce
and loock-up of terms used wvhen requesting a bibliography on a specific
subject matter. We dacided to call the dictionary the "Thesaurus" and

the retrieval terms 'Mescriptors”.

Our first actual step towards this deveiopment of a theeaurus of
scientific aud technical descriptors was an effort to overhaul the "Subject
heading Iist". ?Principel aeadings were divorced from their subdivisions,
and the list was reduced from 70,000 to 8,300 main headings, modifiers
such as L-band and X-band were separated from the mair headings. Sub-
divisions numbering 850 were reviewed and refined thereby eliminating 150
of these subdivisions as being no longer useful. This first step left us
with a total of slightly more than 9,000 headings.

We had established a Lody of descriptors "authoritative” in character
becausse they came initially from the reports processed Ly ASTIA. To
defins these descriptors and to give depth of retrieval to the Thesaurus,
scope notes were developed showing what the descriptors included, what '
they vere related to, or vhat they are limit ° to. This editorial exercise
reduced synonyms, subordinated and submerged other terms, and parmiticd
a further reduction in the number of descriptors *rnm 5,000 to a little
less than 7,0C0 units of information. A rejresentative portion of the

Thasaurus is showr ir Appendix I.




Gaining a point of entry into 7,000 alphabetically arranged
descriptors was the next problem which faced us. Certain accammodating
tools had to be dcveloped for use by both the subject analyst and the
reference and retrieval cpermation. Check points and guidelines for quick,
eagy consultation were needed at both the input and output side of the
storag : and retrieval program. The organizational structure of the
8clentific Analysis Branch seemed to provide a tailor-made answer. Here,
our day by day processing of remorts is subdivided into major areas of
several crganizational segments dealing in specific sclentific éisciplixiea.
We decided to arrange the descriptors inte related groups bringing such
information elements 28 "hydrazine, borchydrides, liquid oxidizers", otc.
v,‘together. Furthermore, it was decided that a descriptor should appear
“62!1\)' in one group and in that group where the primary scientific or techni-
cal relationship is established. This task was accomplished by the chiefs
of the scientific sections and other key personnel of the Branch who sorted
and arranged the descriptors nov in form of a deck of punch cards.
Ccnslisrable discussion, reshuffling of punch cards and transferring of
dascriptors from one group to enother occurred. Finally, the groups
called achedules, were completed forming a distinctive display of related
descriptors. Reanalyzic of each group formulated a name for each schrdule
encompassing items such as: Mechanics, Space Propulsion, Pest Control
and lahibiting Agents. Schedules were arranged alphabetically and assigned
sequential nvmbers. A total of 292 schedules developed, of which four are
genersi in aature. A swuple schedule is shown in Appendix IT.

| At last we had reached a point vhere use could be madr of a long and

i
tedious undertakirg. Fetrieval terms (dsscriptors) had %o be assigned to
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200,000 AD documents. Originally ASTIA bhad planned to develop the

Thesaurus in house andvto contract for the assignment of deecriptors to
be performed by a commercial organization. Two companies showed interest
in the project but never subtmitted proposals or estimated cost. ASTIA
tfound itself in the position of a necessary "in house" job which must be
performed without an ax;pmcisblc increase in personnel strength. Ap appre
ciation of the magnitude of this effort can be pictured by compsaring the
fact that the descriy.or assignment must be completed in seven months,
vhereas the original analysis by means of subject headings and uniterms
took seven years. Here vas "data clean-up" to the nth power.

Bafore tackling the whole project, we spent scme time on test assign-
ment of descriptors to develop voncepts and establish some systematic
procedures for assigoment. Several flaws were ncosnize@ and steps taken
to overcame the deficiencies. The first one was the quesuon‘ on how to
attain same degree of consistency in retrieval temm assigmment vhen 25
differwnt people analyze reports. Has the anaiyst covered the subjegt

matter, the squipment, uethods, results, etc.? An analvsis of reference

_ questions in terms of the foregoing and cther elements will surely assist

in selecting the pertinent descriptors for retrieval purposes. An actual
check list was developed and is && followa:

CHECK LIST POR ASSIGRMENT OF RETHIEVAL TERMS

1. Subject (What was studied, investigated, tested, compiléd, researched)

2. How Was the Subject Treated? (Analysis, tests, design, producticn,

computations, theory, specifications, operations, processes)

3. What Are the FPhysical Factorasi (Mechanical properties, physical
properties, chaxical effects, bilological factor-)
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k, What Equirment or Metncd Was Used to Support the Research or Investigation?

(Spectrum analyzers, oscilloscopes, Ché.rpy V-Notch tes* equipment)
5. Where or Under What Environment Was the Research Accomplished? (Upper
atmosphere, arctic, sub-surface, location if geographic or roreign)

6. Additional qualifying Information (Open-ended Terms). (Project names,

rilitary symbols, trade names, Mark/Mod numbers, AN/numbers, etc.)

This check list was not expected to answer all of the possible conditions
which may be encountered, but it does standardize assignment pf retrieval
terms.

In the check list we mentioced "open-ended terms". Here was anotber
area vhich had to be considered before fuil scale assignment of retrieval
terms would be attempted. There is in the military and coammercial research
a body of symbols, nomenclature, code and popular names which permit an
entry point into a system as long as the information is recorded. Ground
rules were established for format of the open-cnded terms and the manner
'in which they were to be assigned. These terms were called open-ended
terms, becaﬁae they will not appear in the Thesaurus or ir any of the
schedules. They permit considerable freedom for establishing retrieval
points vhere Thegsaurus control is not considered essential. In many cases
the oper-ended terms are stated in differer‘xt ways, but they pertain %o
the same equipment. This is not always apparent when the report is
analyzed. For the computer the information is pulled together by assign.
ing one code number to terms of synonomous meaning. mrbhexion, thiis
secondary system allows for the use of classified terms, thus keeping the
Thesaurus an unclassified scientific and technical descriptor arrangement.

With the addition of "open-ended terms" to the descriptors we began to
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refer to the total system as "retrieval terms".

Up to this point in time everything done for the retrieval system had

been slantcd towards alphabetical key punch cperatiofi. Since the key

punching operation was to be performed by a contractor, seriocus considera-
tion had to be given to cost. Here was an opportunity to prepare the
descriptors. Such a system was developgd by taking the alphabetic
print-out or descriptors and assigning nurmerical codes in sequential order.
A epread of 1000 between descriptors introduces flexibility into the systern
with a view towards future additions and revisions. (Ap“endix II1I)
Necessary print-outs showing schedule numbers, descriptor codes, and

descriptors were provided and full-scale c¢nversion c;f the 260,000 reporté
commenced. When a descriptor is assigned, the schedule numBer to vhich it
belongs will be shown. The purpose of this is to prepare cumlative indexe

for the Technical Abstract Bulletin (TAB). Although the first cumulative

index which ASTIA will prepare by means of the computer will be arranged

alphabetically by descriptors, it is feasible to issue future indexes

grouped by schedules, thus showing. related information in consolidated

areas.

The 292 schedules and their related descriptors proved to be an
adequate tool for assigonment of retrieval terms, tut scmething elsa was
needed to guide a user of the Thesaurus to the scheduls where ths
Ly descriptors of importance to bhim are located. An analysis of the
schedules showed a remarkable ra;.ntionnhip of certain schedules. We
grouped these related schedules and finalized an arrangement of 19

. fields ranging from Asronautics thru Space Technology. Each major field
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is given a name and below are ligted the schedules related thersto.
(Appendix IV)
Testing of & program as Las been outlined is a highly desirable

feature. However, for such an exercise sufficient material must bs

available for computer input. This was not the cage, and therefore it
wvas decided to test by rather cruds methcds the validity of deacriptor
- assigrment and retrieval. 'This wvas accomplished in two ways. ASTIA had
~ prepared a bibliography on "Rlo-Astronautics” in February 1958 which

| consists of approximately 1100 unclussified entries. We converted these

catalog cards to descriptors so thst tests by the computer can dbe run.

Our second method was to have personnel of the Bibliogxwphy B;-anch and
the Scientific Ana.Lyni‘s Branch dstermine what descriptors they vould
actually assign or retrieve in order to fulfill a specific bi.b]ioguphj.c
mquuﬁ. The exercise wvas eonducted_undar controlled conditions so that
no information would pass from cne group to the other as far as the test
bibliographies were concernsd. It vas gratifying to note the excellent
correlation of assignment and retrieval. We vers, cc to apeuk. trans-
mitting on the same frequency.

Actual, operation of the computer for Lnfoxin.tion retrieval is planned
“for 1 July 1960. To this end, ASTIA is presently engaged in dsveloping
the program. At present we contemplate an Lnitia.l. search by an average
of six descriptorv followed by several sub-routines. __ _ |
N | There remains the major task of getting the Thesaurus into print.
‘ By Pebruary 1960 the Thesaurus had been edited for the third time and
’ , we froze the design. Key punching was started, accampanied by constant
verification and editing of punch cards. Our programmers have developed

54



a program for the computer so that the "igh-speed printer will present us
with a master copy for photo-reproduction and subsequent quantity printing
Layout of the 1nesaurus will dbe first by the 19 fields aud 292 schedules,
no- called groups, to be followed by the descriptors arranged alphabetical
and accompanied by their scope notes and related terms. Introduction and
Forevord are in preraration, and the target date for publication is May
1960.

In summarizing the project I would like to restate the primary
objectives of ASTIA in building an information retrieva. system suitable

for computer applicétion. .

1. Reduce tkLe time required to prepare bibliographic and reference

inquiries.
2. Improve quality of information services.

3. Computer prepared cumlative indexes for the Technical Abstract
Bulletin (TAB).

k. Pliminate catalog card printing and maintenance.

- 5. Present ASTIA customers vith a reference tool to wur collection

by means of the "ASTIA Thesaurus of Descriptors".
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Thesaurus of ASTIA Descriptors

Audiometers
(Medical Equipment)
Also See: Hearing

Audiometry
(Medical Procedures)
Algo See: Hearing

Auditory Acuity
(Physiology)

Auditory After-images
(Physiology)
Alsoc See: Auditory Illusions

Auditory Illusions
(Physiology)
Incl: Agl
Audio-gyral Illusions
Algo See: Auditory After-images
Psychoacoustics

Auditory Perception
(H:ysiology?
Algo See: Pitch Discrimination

Auditory Signals
(Sound and Acoustics)
Algo See: Sonar Signals
Sound Generators

Auditory Thresholds
{Physioloyy)
Incl: Binaural Thresholds
Monaural Thresholds
Also See: Deafness

Augers use Earth Augers; Ice Augers
Aureomycin

(Drugs and Biologicals)
Also See: Antibilotics

Aurorae
(Ast ronomy )
Incl: Australis

Borealis

Aurum use Gold

Augtenite
(Metallurgy (General))

Also See: Iron
Phase Transition

Steel 56 Appendix I
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41500

50000
1862000
2984000
2991000
5483000
5748000
5749000
5750000
5750500
5751000
5754000
5756000
5759000
5762000
5766000

6605000

35000
248000
267000
918000
947000
948000
952000

1038000
1190000
1195000
1610000

2101000
2340000
2761000
2855000
2862000

Descriptors Groups (Schedules)

idccidents
Accidents

Air Sea Rescues
Aviation Accldents
Disasters
Drowning

Dust Explosions
Hazards

Low Visibility Driving
Motor Accidents
Sea Rescues
Survival

Acoustic Detection

Acoustic Detectors
Acoustic Ranges

Early Warning Sonar
Hydrcgrapkic Sonar
Hydrophones

Scanning Sonar

Sonar

Sonar Beaconsg

Sonar Charts

Sonar Domes

Sonar Equipment

Sonar Projectors

3onar Receivers

Sonar Targets

Sound Bearing Finders
Sound Ranging

Undervater Sound Equipment
Undervater Sound Generators

Acyclic Compounds

Acetylenes
Aliphatlc Corpounds
Allenes
Bromocarbons
Butadienes

Butenes

Butanesg

Carbon Tetrachloride
Chlorocarbons
Chloroprenes
Decenes

Ethanes

Ethylenes
Fluorocarbons
Halocarbons
Heptances

Heptanes
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1000
1500

13000

37000

41000
k1500

L3000
45000
47000

51000
52000
53000

Descriptcrs and Code FNumbers

Abaca Fibers
Abdomen

Ablation

Abnormal Pasychology
Abrasion

Abrasive Blaating Machines

Abrasive Coatings
Abrasives
Absgorption
Abstracting
Abundance
Acaricides
Acceleration
Acceleration Tolerance
Accelerators
ACCelcruunve.s
Acceptability
Accidents
Acepleiadylene

Acetaldehydes
Acately

Acetamides
Acetates

Acetic Acids
Acetic Anhydrides
Acetobacter
Acetolactic Acid
Acetones
Acetonitriles
Acetophencnes
Acetyl Radicals
Acetylation
Acatylcholines
Acetylens Derivatives
Acetylenes
Achievement Tests
Achlorhydria

Acid Base Equilibrium
Acidosis

Acids

Acoustic Decoys
Acougtic Detectors
Actustic Filters
Acoustic Fuzes
Acoustic Horns
Acoustic Imeges _
Acoustic Impedance
Acoustic T eulation
Acoustic h.nes

Acoustic Proximity Devices

Acoustic Ranges
Acoustic Torpedoes
Acoustic Waveguides
Acoustics
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Descriptor Fields anc. Groups

AEHONAUTICS

Aeroqynumic Configurations
Aerodynamics

Aircraft Accessories
Alrcraft Categories
Aircraft Control Equipment
Alrcraft Instruments
Alreraft Structures
Balloons

Boobers

Control Burfaces

Fighters

Guided Missiles or Migsile Related
Jettisonable Equipment
Landing Gear

Parachutes

Propellery

Regearch Plunes

Special Aircraft Features
Special Purpose Planes

BIO-SCIEKCE

Amphibians and Reptiles
Blochemistry
Blology

Birds
Carbohydrates
Enrymes

Food

Ingects

Lipids

Marmals

Marine Biology
Microorganisms
Mycology
Parasites
Plants (Botany)
Proteins
Protozoa
Vitaminig

CHRMISTRY

Acyclic Compounds
Alcchols
Aldehydes
Alkaloids

Anides
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Chapter 6

Tmpact of Automaticn on the Organizatioral Structure of ASTIA
by H. W. Miles

The preceding papers have discussed primsrily what the computer is doing
for ASTIA. The foliowing and final paper vill describe our plans fur the
future. The purpose of this paper is not ?o continue to discuss vhat the
cqqutor can do for us but, perhaps more importantly vhat the computer
is doing to us.

Organizationally, Automatic Data Processing was first assigned to the
Management Division as the Data Processing Branch. This Division also had
‘the responsibility for management analysis, the programming and planning
function, mnaéement engineering, financial management and statistical
gservices. The Data Processing Branch was established in Julyv19f*9, approx-
imately seven months before the computer wvas installed and operational. Man-
ning of this branch, vhich now consists of 24 persons, began immediately. As
mentioned before, the manning of this branch was accomplished yrimarily by re
assignment of personnel within ASTIA. A "phase mit" atudy, e wpleted in Octe
1959, identified positions associated with automation that wou.d no longer be

necessary. The "phase ocut" study struck horizontally across the organization

In the Document Processing Division, elimination of the Catalog Maintenance
Section was planned and the descriptive cataloging activities are being
streanlined. The eatire Verification Brauch of the Customer Service Divisior
vas affected and the Identificatiom Section of the Search Branch is schedulsd
for nduction a8 socn a8 the conversion from a card configuration to a tape
configuration occurs ia July 1960. The Inventory Control Unit in the
Storsge Section has also been eliminated. At this moment the Reproduction

Divisioca Organisation remains intact; however, ADP has dramatically changed
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the character of the mnciionl performsd by this divi-‘on. Indexes to
the Technical Absiract Bullstin will now be prepared sutomatically by
the computer and it is planned that the text of the bullsetin will de
prepared by the use of punched paper tape in the Copy Preparatica Sectionm.
Ironically, gralual "phase out" of perscunel in these functions and
reassignment of personnel into the Duta Processing Branch occurted at a
time vhen the Agency vas directed to reduce the numsber of personnsl on
board as of 30 Jume 1960 because of budgetary and personnel limitations.
Fortunately, ASTIA's Mansgemsnt Improvement Program was beginning to pay
dividend through improved productica records achieved through improved
methods and procedures. The ispact of data clean-up and file conversion
in anticipation of automation has resulted in incresses in productivity
rates in thoss functions not being sutomated. In other words, the manage-
ment of ASTIA attempted to get its houn in order concurrent vith meking
p-ans for automstion of the Agency. S0 successfully have the isprovements
been accomplished that the service tims objectives exprgssed in our
feasidility study (September 1958) wvere almost achieved prior to sutomatiom.
The Agency has five Regional Offices located at Nev York City, New York;
Dayton, Ohio; Los Angeles, Californias; San Francisco, California; and
Weshington. These Regional Offices now provide decentralized reference
service to the Research and Development Community authorised to use ASTIA's
services in the above locales. The reference service, available to
visitors to these Regional Offices, under the manual system did not contain
the latest scientific information aveilable in the Agency. This is
because the reference service vas based on card catalogs. A document
cataloged todsy veuld not be coverec in reference vork until it had gone

through all the processing vhich is required to put catalcg cards in the file.
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By contrast, the reference service provided by sutomation will by-pass
card catalogs. As a result, reports vill be represented in reference
vork within tvo weeks after they are cataloged, as opposed to a lag

from four to six months in the manual system. Elimination of card catalogs
removes the scurce from Regional Offices upom which sclentists could go
and obtairn immsdiats reference service. Comsequently, automation has had
the effect of centraliszing our reference ssrvice that was formsrly
available on & decentralized basis. Furthermore, our customsrs will be
provided vith cumulative, quarterly and annusl indexss to our Technical
Abstract Bullstin (being made possivis by suicesticn} wiich will emhauce
their reference capsbility in their cwn office.

An interactiom that will occur as a result of mechsiized information
retrieval is the relationship of personnel in our Scientific Analysiun
Branok with persomnel in cur Search Branch. Mr. Rehbock .discussed our
information retrieval system vhich wvas designed for automatic subject
cortrol of our vast store of scientific information. The Scientific
Analysis Branch concerns itself with the input side of the information
ia this system, aud the Search Branch, the output side, with the scientist
asking fur the remilts. In the final analysis, the value of the organiszation
to the military Research and Dsvelopment Cosmmnity will capend on the
Agency's ability to produce the product or information needed by our
scientific comminity. Some thought m:ist de given to the integration of
these tvwo units, if not organizationally, at lsast the mental processes
involved in hov & scientist asks for information and the determination
if the Ageucy Las Jéscribed that information in the same terminology, so
that an inquiry to the computer wiil produce the desired results.
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Another interaction that ¥ill be bdeneficial as & result of automation

is the information obtained bty the Data Processing Branch regarding the
categories of informaticn most boxvily in demand with the activities of the
Receiving and Seleciion fuaction. ASTIA, currently by & joint Army, Navy,
and Air Force regulation, receives ten copies of each sclentific report
produced by the military RAD Community. Obviously, the demand for these
documents ig rot in the same ratio as they are received. The compuier
should be abls to 1nd1cau_ the incideat rate of requests for documents
by categories, and persoanel in the Receiving and Selection Function could
requost categories of documents having the greatest demand in larger
quantities than ten. The responsibility for determining vhen the agency
should request quantities of documents in excess of ten rests with the
Chier of the Receiving and Selection Functior vho now, intuitively makee
these decisicns. This type of & decision under an automnted opeﬁtion
should be made only after a correlation analysis has been made of the
informmtion provided by the computer. However, the Chief of the Receiving
and Selection Function has a scientific background and not a statistical
background; consequently, studies cf this type should be made by qualified
personnsl in the Plans and Analysis Branch.

Another exampls of how the computer is affecting the organizational
structure of the Agency !{s the change of responsibility for making the
deciaion to pre-stock a dccument, In the manual system, someone in the
Reproduction Division would decide that since there were multiple requests for
& document they should reproduce X nuzber more then currently requested.
Formulae devavped by jeiewned Sliwi than 1n the NMoprodustion Division will
determine "Hov much” of ap item i{s to be reproduced and '"When" it is to be

reproduced for the majority of requests. However, exceptions to the

Gh




formulae--and there will be exceptions--wiil have to be individually
evaluated. Who will make these evaluaticns? Personnel in the Reproduction
Division or someone who can ascertain what has effected the inventory -
balanée for particular documents and how these effects have taken place.
When the computer had been operatioral less than *wo months it
was apparent that ocur day-to-day contact with our users is our most
critical and pressing problem. One of our simple problems is the fact
that our users still use a letter of transmittal for requesting documents.
This, by itself, is no problem; but they iluvariably staple from five to
ten requests (punched card forms) to the letter of transmittal., 7The
punched card request form should state that customers are not to staple
or mutilate them in any way. These forms are pre-punched \’fi‘.'.h a user
code for each individual customer. Some users exhﬁust the!:‘éupply and
borrow punched cards from other users. Since there is no nam or address
on f.hese cards, because they are identified only by the established user
code, you can imagine w..at happens when they borrow punched cards from
someone else. These are but & fev of the myriad problems that automation
in its initial stages has brought to the Agency. At the present time,
only personnel vho are intimately familiar with the operations of the |
entire Agency and Automatic Data Frocessing intricacies are able to
analyze s problem situation arising from the change in our procedures.
n: this extent, personnel from the Date Processing Branch have been invoived
v.th activities of our Customer Relations Starff. The Customer Relations
Staff vas established to handled customsr service problers at the staff v
level instead of the every day-te-day opsrational type problems. At the
preseant time, there is no one activity charged with the nu‘pofnuibility

of the day-to-day problems that seem to be increasing daily.
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As can be seen, Automatic Data Processing has had wide spread effecte
on the organizational pattern of ASTIA., Management will have to come to

grips with these changes nov and for some time to come., It can be said

" that the computer has cut across organizational iines, reducing layers of
management and consolidating functions, The computer fiis into an integrated

system, the application of which includes automatic request validation,
automatic inventory control, complete and accurste accountability for dboth
classified and unclassified documents, mechanized index preparation for
the Tecfmicnl Abstract Bulletin, automatic duplication check for incoming
dqcu-ents , sutomatic ideuntification of documents requested without reference

to speciZic ASTIA catalog mmbers, mechanized reference and bidliography
service, and lastly, management information never before available.

In all the above applications, the source information cbtained by
ouwr document processing personnel ias used over and over. The basis of
the existing structure is departmentalisation. With Automatic Data Pro-
cessing, these functions will all be performed in one place and the reason
for the various activities is eliminated. One solution is to push the
various activities together, reducing the number of sections and branches
as functions are changed, PFever layars of sdministration should result
as there will be fewer sections and dranches to be supervised and coordi-
nated, This, I believe, will have a disturbing impact bn some adminis-
trators since positicn and pay in Civil Service is based to some extent

on supervision azd responsibilities. Recrgmnization may well revolve

around the Automatic Data Processing Branch. ALP in ASTIA has three func-

tions: (1) Automation of the business type operstiom, (2) Information re-

trieval and, (3) Providing management type data. The computer vill make
possidble the combination of problems that are alike for blanket decisions
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and the separation of problems that are different for individual decisions,

which encourages the application of the most effort and analysis to the

items vhich are important, and of the least to those items which are not

80 impo:itant.
The many changes occurring should enhance and increase the workload

of mauagement personnel through the development of operational prograns for
Command obJectives, analysis and evaluation of operational data, and the pc
trayal of progress toward these Command objectives. A quotation form James

March and Herbert A, Simon's book, "Orgauizations”, I belicve, demonstrates

this point.

What determines the type of activity that menbers of an
organization--and here we are particularly concerned with
menbers at & relatively responsible level--engage in? We
can cite twvo factors that afifeci the propensity of organi-
zation menbers to engage in an activity. First, the greater
the explicit time pressure attached to an activity, the
greater the propensity to engage in 1t. The stimulus of
deadlines tends to direct attention to some tasks rather
than others, Second, the greater the clarity of goals
associated wvith an activity, the greater the propensity to
engage in it. It is easier to attach rewards and penalties,
internal a5 well as external, to completion of tasks with
clear goals than to others,

These propositions lead to a prediction that might be
described as the "Gresham's law" of planning: Daily routine
drives out planning. Stated less cryptically, we predict
that wvhen an individual is faced both with highly programmed
and highly unprogrammed tasks, the former tendi to take
precedence over the latter even in the absence of strong
over-all time pressure,

If 1t were necessary to poiht to one ringle factor responsible for the
success of the Agency in establishing an {mplementsation date. ‘for conversiot
to Autommtic Data Processing and meeting that schedule, it would be the
pressure and explicit instructions received from top management. In ASTIA,

systems analysis und the planning and ccatrolling functions work to a large
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extent through management processes located at the staff level and readily

accessible to the Commander. Operational information flows through this
management process for review and analysis and presentation to the Comman-
der and his staff. ©Statistical information or new knowledge about our prod-
uct and the consumer of our product will be oné of the main benefits from
our automation program., In its troader aspects, inventory control ie
really accaomplished by consumer research, It might be sald that con-

sumer research i{s communication between the manufacturer and users and
potantial users of a product.

At this point, I would like to continue with another orgarisation
ohart depicting ASTIA {n relationship to its users. ASTIA is an Alr Force
organisation under the management control of the Air Research and Development
Command. Participants in the ASTIA program are the Army, Mavy, Air Force
and their contractors. ASTIA receives scientific and tuchnical information
from our users and disseminates this inforsation to interested users having
the sams problems or working on research that may ;irudy have been com-
pleted by another orgenisation. 8o, in effect, ASTIA is & tri-service
organisation for the Departmont of Defense, and to an extent ;s s mirror
of all the ressarch and developmsnt being conducted as reflected in the
report litereture required to be published as cbnoult of this research.
Information regarding the output of this effort matched * th the demand
for this information should not be of interest solely to the management
of ASTIA, dbut to the Departmens ovacfcnu. This is one instance in
which I believe the top officid.l’ in ASTIA have been geared directly
into the middle of Automatic Dats Processing and are prepared and

annieusly swaiting the type information the system is expected to produce.
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The command element of ASTIA ctonsists of the Commander aad Director

wheo is military and responsible to the Commander, Alr Researcu and
Development Comsand, for {mplemsntation of the approved progrui. The
Deputy Director is a civilian who fulfills the responsibilities of the
Director in his absence and acts as his principal assistant and aivisor
in the formulation of ASTIA policies, plans, and directives. The
Sxscutive {8 also military vho is responsible for assuring that the
policies of the organisation as applied to the details of day-to-day
operatiocns are carried out. '

The rols of the personnel in the command elemsnt of ASTIA, which is
primarily s civilian organisation, vill be enhanced to the extent that
factual data will be available for the first time on the patterns, habits
and customs of the agencj’s users. This type of information will be of
benefit not only to members of ASTIA dbut to each of the respective “
services and the Department of Defense. In addition, the Commander of
ASTIA is & membe:r ¢ the Advisory Group for Asronsutical Research and
Development. Documentation Committee. This organisation exists to promot
cooperation in research and desvelopment among NATO countries.

The rols of the Commander and Director could conceivably be that of
primary camoern with external forces at a higher level. Necisions at
Beadquarters ol the respective military agencies regarding contemplated
research could be influsnced by lmowledge available in ASTIA on the state
of the art, vhich could conceivably elimirate duplication and preveat
unascessary sxpenditure of funds. Effective information retrieval is a

common proﬁhn of many government agencies and is & technique that




ASTIA plans to exploit to ths fullest extent poseibls with its mtc-tod
operations. Again the Commander and Director would be concerned with
"valus" analysis of the organizatiom's impact on other U.S8, and foreign
scientific and technical informstion activities imvolved in similar
functions.

Ths role of the Deputy Director and the Executive could be that of
primary comoern with ths Internal affairs of the agency aad the improved
offectivensss of the produstion force. Automatic Data Processing should
perxit optimal allocation of personnel resources and scheduling of
produstive vork effort.
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Chapter 7

THE ROAD AHEAD
INTEGRATED DATA PROCESSING (IDP)
6 April 1960

The preceding papers have described the various aspects of
ASTIA's program for EDP. My purpose is tc tell you about our 'plans
for the future. Colonel Hammond has pointed out that in the past
ASTIA bad no data processing equipment. Everything was done manually
with an assist from mechanization in certain functional aress.

Because of this situation, our approach to EDP has been of the
"Middle of the Rcad" concept. That is, we selected the functional
sreas in vhich the greatest gains could be quickly realized in terms
‘of reduced processing time and increased capability; also, we chose |
to convert the processes "as is". We feel that ve had ample justi-
fication for this because the systems analysis which went into
planning for EDP had refined the existing procedures to a point
vhere we were confident that everything wve were doing needed to be
donas.

1a our feasibility study ve had contemplated using punched
paper tape equipment in preparing reproducible copy for our Technical
Abstract Bulletin (TAB) and catalog cards. However, the use of
punchzd'paper tape vas not firmed up as part of the original plan
because of the additional workloed that this would impose on our
planning and progrsmming staff. Furthermore, at that time it simply
represented an improvement in the method of prepering TAB and catalog
card copy. It did not reluts directly to EDP.
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Shortly after owr EDPS plan was spproved and preparations hed
begun in earnsst, it wvas decided to procesd vith plans fur intro-
ducing punched paper tape equipment into the copy preparation func-
tion. This decision wvas made beczuse the IDP equiyment vhich wvas
finally selected had certain charscteristics vhich eould be
capitalized on to advantage in terss of Integrated Dats Processing.

As ve moved into this areas, 1thmmtthtthmm
paper tape vhich was to be created initislly in the course of
preparing reproducible copy could be ceaverted to magnetiz tape if
proper provisions vere made for such conversion. The informstion
thus recorded on magneti: tape could be printed out on the high
speed printer as & result of the bibliogrsphy search. In additien,
much of the information vhich is to be "captured” in punched peper
tape cen b machine converted into punched cards for the Index
Master, Inventory Master and Information Retrieval files. In order
to assurc accurscy of the information, ve are planning to use master
edge punched cirds for untering certain suthoritative information
into the TAB copy and thus into paper tape. Prospects such as these
tend to make Management extremely eager in terms of expanding the
applications of EDP.

The advantages of doing vhat has Just been described are obvious.
We can eliminate the duplicative tasks of key punching and verifying |
this same information. Here again we come face to face with the

Jact that there is more systems design and actual data processing
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programming to be done than ocur siaff can handle all at once.
Therefore, it is necessary to phase into this aspect of integrated
data processing on a time available basis. We can't efford any
slippage in rerrogramming the punch card applications for mgne_tic
tape. And we can't afford any slippage in programming other appli-
cations that wvere planned for the tape configurstion.

Ve can determine wvhat special coding to provide in the punched
vaper tape in order to permit the computer to bandle “ormat in the
print out of bidbliogrephies. In ecddition, we can prepare the proéran
naster upel that vill be needed in the copy preparation fumction.

At this point, perbaps I should digress a dit and explain vhy
it 1s necessary to develop program master tapes for use with the
punched paper tape equipment. - The Techaical Abstract Bulletin is
an unclassified pubnutioi;. yet it 1ists all documsnts cataloged
by ASTIA, and soms of th;u are clasedfied- Seclet. ‘comunnuy, ve
mst De sure that elassified information is excluded from the TAB,
On the other hand, bdibliographies are geared to the requester's
"aeed-te-knov" and security clearsace; hence, all the information
soncerning 8 particular document must be captured in punched paper
tape for subsequent use in bibliogrephies. |

This uceuitotgu the typing of all informaticn in order to
record it in punched paper tape. However, by using s program master
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tape a by-product tape is produced which can be read by the machine

atl top speed to prepare the TAB reproducible copy. The program
master tape inserts control codes into the by-product tape in such

& way as to suppress the classified information vhile machine typiag
the TAB reproducible copy. No by-product tape will be punched in
this latter process since the paper tape that is to be converted to
magnetic tape was produced as a by-product tape at the time of typing
the camplete entry as described earlier.

There are & number of punched paper tape machines on the market.
However, to our knowledge only two are presently capable of producing
copy of reproducible quality. We tried both of these machines and se-
lected the Synchro-Tape. We chose the Synchro-Tape simply because we
felt it offered greater advantages for our pa.rticu]_.&r application.

Earlier in this paper I mentioned we were confident that
everything ve vere doing needed to be dons. As we progressed in
pur planning for the punched paper tape cperation ve realized that
ve could dispense vith catalog cards for all but about 2% of the
documents cataloged. Our original plan for EDP had eliminated any
need for card catalogs, but the bibliography service wvas based on
stock-piling catalog cards t0 be manually vithdrawn by the number
after a machine search vhich produced s list of document numbers.
The capability of machine printing bibliographies removed the
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remaining requirement for catalog cards for all except those docu-
ments in wvhich special charscters were used. In this instance, the

term "special character” means any character that is not available

on tbe high speed printer or the Synchro-Tapes. Some of the Synchro-

Tepes will have selections of special characters such as mathema-
tical symbols and others which are peculiar to the fields of chemistry
and physics which are not available on the high speed printer. These
Synchro-Tapes will be used for preparing TAB entries which contain
such cha.nctex-r-‘ The punched paper tapes for these entries will he
retained and filed by the AD (ASTIA Document) number. These tapes
vill be used for prianting bdbibliographic entries for the AD numbers
involving thil type of information. We estimate t*.t this will be

no more than about 10% of all bibliographic entries, aithough in
specific instances an entire bibliography might have to be produced
in this way. The 2% vhich I mentioned earlier are entries in which
hand dn\n)x characters such as sigras, brackets and chemical diagrams
are required. We will have to print catalog cards and stock-pile
them for use in bibliogrephies which cite these particular AD's.
Obviously, our Scientific Analysts can do much to minimize this
requirenent.

These vegaries will be coded into the bibliography search tape

so that our program for searches can print out a reference to a
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typed entry or to a catalog card as the case may be. Thus, it will
not be necessary for an operator to scan the entire bibliography in
order o determine if there are any requirements for this type of
special handling.

At present, our slan calls for implementation of the puached
paper tape procedures on 1 July 1960. In order to achieve a reason-
able capability for machine printed biblicgraphies in a relatively
short time, we will selectively convert the cataloging information
for documents that have been cited in bibliographies over the past
several months. At the same time all of the day-to-day input will
be proccssed for TAB reproducible copy beginning 1 July 1960. 1In

this way we expect to atiain a 604 capability for machine printing

bibliographies by the end of the first year. And we expect to

attain 95 capability by the end of the second year. Since we must
continue tc stock-pile catalog cards for 2% of the reports, 994

capability represents the ma.xinmn possible. Obviously, it wouid be
silly to run a machine print routine beginning 1 July -- if we vere
lucky we might get one or two entries. Because of this we will run

machine searches beginning 1 July and continue the present practice

of pulling catalog cards by the number.

However, we plan to discontinuc the reproduction of catalog
cards on 30 June and file the punched paper tape by AD number for
docunents cataloged July through December 1960. These tapés will
be used for recreatins‘thc bibliographic entries on the Synchro-

Tupes as required during this period. We will use this method




through December 19¢0. By 1 January 1961 we anticipate that there
will be a sufficient number of AD's on magnetic tape to warrant the
machine printing run.

Another plus factor in our use of the punched paper tape is
that we can experiment with the computer in terms of information
retrieval vhich goes beyond that based on descriptors assigned by
our Scientific Analysts. There i3 much to be done in this field.

In fact, a number of documentalists of national repute are interested
in utilizing the potential which ASTIA is creating for experimen-
tation in the field of autoindexing. ‘

The introduction of punched paper tape equipment will make
possible our initial excursion into integrated data processing.

Our next obJjective involves a functional area of more far-reaching
importance in terms of the number of pereonnei involved and the
service time which wé ;re able to attain. This functional area is
reproduction of requested reports.

Each document cataloged dy ASTIA is microfilmed as part of the
input processing. This is done in order to have copies of all dbcu-
ments in a disaster storage area and to prqvide a means of reproducing
reports as necessary in response to requests.

In our current operation, individual microfilm copies of the
documents ere filed by number. These must be manually.selected,
screened for type of reproduction to be used and spliced_togethér

according to the method of reproduction to be used. After
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reproduction the film wust de broken dowa into individual document
lengths, replaced in their individual cassettes and returned to the
microfilm storage vault vhere the films are again filed by document. f
number.

At this point it is in order to briefly explain why different

methods of reproductian are used. One asthod, known as Xerox, is

an electrostatic coniinuous process vhich does not require the use

' of sensitized paper. It operates at 20 feet per minute and is
- , relatively inexpensive. Our reproduction of single copics of indi-

: vidual reports by the Xerox method ccsts about 2.5 cents per page.
The other method of reproducticn from microfilm is known as Alrgraph.
) | | This, too, is a continueus process, but it is a phetographic process
which requires aa exposure (of printing) step using sensitized paper
and a developing, fixing and drying step. The second step operates
at about 12 feet per mimute. The Airgraph process costs about two -
timws as much as the Xerox per finished page.

The Xerox process is satisfactory only for text and line copy.
It is incapable (at present) of reproducing half tones and ceutimueus’
tones. The Airgrsph process, being photagraphic in nature, is not
subject to these limitations. About 40$ of documents in our collec-
tion contain half tones or continusus tones and must b2 repreduced
) “ by Airgraph.
Obviously, we ~mild mechanize the gelection of film and the

' E reproduction process. However, the benefits vhich could be reslized

&
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would be marginal in terms of the cost of systems design and devel-
opment of {he mechaalzation itself. 1In addition, we wouid still be
saddled with two reproduction processes one of which costs twice as
mueh per page as the other.

In the course of studying this problem, we have learned that
at least two commercial concerns are exploring the use of video-
magnetic tape techniques for recording and reproducing documentary
informatien., Bgsically,’ a page is recorded on magnetic tape in a
menner similar to the magnetic tape recording of a televisnion
program using a modified TV camera. In reproducing c pege, the
lmge is created on a device which is very similar to a television
receiver, As you all know, such an image consists of lihes -- this
means that we could eliminate the Airgreph process from further
consideration and concentrate on an electrostatic reproduction
process.

Another commereisl cencern has already marketed a high speed
“printer" known as the SC-5000. Actually this device, as far as we
are concerned, is not a printer at all. It censists of a char=ctron
fitted up with a Xerox processor for recording the images which are

created on the screen of the cathode ray tube. w1tﬁ the Xerox part

~ of the SC-5000 and some fairly simple circuitry we could have a

means for reproducing our documents automatically and at high speed.
Furthermore, since the reproducible copy of each document would

be in the form of magnetic tape, it should bve relatively easy +z




design a system in which our computer would talk to the reproduction

hardware and tell it which documents to reproduce for what order
numbers. Obviously. the reproducticn equipment woull require its
input in the form of punched cards 8o as to elimirate any waiting
on the part of the computer or a sizable memory in the reproduction
equipnent to accomplish the same p&pose. Concurrently with the
reproduction, the computer cou;d crank out the necessary shipping
and accountability paper work which would rez:h the shipping oper-
ation in advance of the reprod\;ced coples of the documents.

Perhaps this seems llke fanciful “ivory tower" daydireeming.
But bear in mind that we will fill requesté for"about 8 half million
copies of reports this fiscal year; there are some 45 people involved
in reproduction of requested reports and an additional 13 involved
in the stoqk operation. In addition to the personnel, there is a
little matter of about 10,000 square feet of space used for document
reproduction and another 20,000 square feet of space used for docu-
ment stdmge. Space and suppiies are costly; personnel are very
costly and are becoming more so as time goes by.

Annual costs for documents to £ill requests bresk down approxi-
mstely as follows:

Supplies $270,000

Space (30,000 aq. ft. @ $1 30,000
per sq. ft. per yr.

Equipment Rental 49,000
Personnel (63 @ $4,000 pr yr.) 252,000

Total Direct Cost of Coples & 500,000/yr. $601,000
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Compared to some of the large scale supply operations, this

amount, i.e., ssoo,ooo'u pesnuts. But 1t is approximf.elyés'ﬁ of

ASTIA's annual budget. As our workload increeies, it will become

an even greater portion of our budget. The point I am trying to

make here is that meking copies of reports available for filling

requests is of such & magnitude that we can Justify careful consid-

eration of some pretty cophisticated hardware on an economic basis

alone. When we consider the poufoﬁ.iiy of substantial improvements

in urﬁcing time and reduced unit costs vhich can be expected with

advances in technology, we can see that & move to completely inte-

grated data processing in the request processing area will undoubtedly '

be justified within the next fev years. 2 '
Given this type of automation and integrated data processing,

ve can eliminate the inventory aspects of request processing. This

vill coastitute & gain in terms of the complexity of our present

data processing systes vhich will in effect free the computer for

other applications. This laads up to my final peint which 1is:

Systems analysis is & never ending task. As ve have seen in this

presentation, certain Jobs that are essential today msy not be

essential tomorrov and some that are still essential toworvov may

not be ecsential the day sfter tomoirov.
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Cbapter 8

THE "TAPE TYPEWRITER PLAN,"
A METHOD FOR COOPERATIOM IN DOCUMENTATION

Calvin N. Mooers
INTRODUCTION

The "Tape Typewriter Plan" is a new program which I believe will provide
a substantial advance in the technology of documentation. The immediate
improvements will be of two kinds. First, the Plan provides a simple new
means for cooperation between libraries to improve cataloging and to
eliminate duplication of effort in cataloging. Second, the Plan provides a
means for greater clerical efficiency in the cataloging operations now being
done at each library.

The subsequent improvements in documentation due to the Plan will be
even more important. The Plan will lead to inter-library cooperation on a
large scale, providing many of the advantagei - and none of the disadvantages -~
of a "universal documentation center."

Although the Tape Typewriter Plan is a cooperative plan, involving the
exchange of material between libraries, the plan requires no compulsion and
virtually no standardization of theory ur method. The Plan is designed to
provide maximum benefits to the participants with a minimum of contributory
work Participation in the Plan will follow from a library's determination of
its own self interest. '

The Plan has other features. The Plan is designed to make full use of modern

-electronic data processing equipment (electronic computers). At the same

time, the Plan definitely does not require any participating library to have
computing equipment of its own. For full participation in the Plan, all that is
required is for each library to possess a "Tape Typéwrlte:." This is a unit of
only moderate cost. :
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One of the main purposes of the Hah i‘r’s to permit the work done in catalog-
ing documents at one library to be used for making catalog cards at other
libraries. An unusual feature of the Plan is that it does not require a narrow
standardization of cataloging format (arrangement of printing on a card).
Each library can use its own format. Neither dues the Plan require a
standardization upon any single universal classification system nor descriptor
categorization system of any kind. Libraries may use whatever classification

system or subject heading system is most suited to their own operations,

While the Tape Typewriter Plan is very simple in basic concept, study will
show that it has many subtleties and that it will have many far-reaching effects.
I will now describe the Plan, piece by piece. Following this descripton, I will
consider sorne of the consequences of the Plan.

THE TAPE TYPEWRITER

The basic device, around which the whole Plan revolves, is a machine which
I shall call the "tape typewriter.” There are a number of commercially
available tape typewriters, These are manufactured at various prices. Each
make has various features of speed, convenience, and versatility of operation,
All of these machines shouid be examined in the light of a specific library's
problem before a particular machine is chosen for use.

Commercial tape typewriter devices are sold under the following names: *

Flexowriter (Friden. Inc., San Leandro, California)
Olivetd (Olivetd Corp. of America, New York)
Synchre-Tape (Remington Rand Univac, Div., Sperry-Rand, Inc., New York)

* See "The Compuiter Directory and Buyer's Guide, 1960" in Computers E,Tld
Automation, Vol. 9, No. 6 (June 1960), and "All About Paper Tape,"
atamation, Vol. 5, Nos. 3 and 4 (May-June and July-August, 1959).

‘.
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Teletype (Teletype Carp., Chicago)
Telex (Siemens & Halske, West Germany. U.S.
representative: Siemens New York, Inc.,
New York)
Soroban typewriter  (Soroban Engineering, Inc., Melbourne, Florida)
controllers

The IBM "Cardatype" machine, although it produces punched cards instead of
tape, should be studied also before making a ~hoice of machine. There
undoubtedly exist other useable machines, since my list is not intended to be

exhausdve.

One of the important features of the Pian is that its operat.ioh does not depend
upon universal standardizaiion on any particular commercial make of machine,
Bach participating library can choose whatever kind of machine is found to
be most available and suitable to that library.

For the benefit of those readers who are not familiar with tape typewriter
machines, I now wish to explain them. A "wpe typewriter" is basically a
typewriter: it possesses a typewriter keyboard, and when one operates this
keyboard, printed characters are made on a sheet of paper placed in the
machine. In fact, most of the present commercial tape typewriters are built
around & conventdonal electrically-operated typewriter mechanism,

In addition, the tape typewriter must also have two other features. It must
have the ability to produce a perforated paper tape record of everything that
is typed, It must also have a papes tape "reader” which can read the perforated
tape and operate the typewriter in accordance with the perforations on the
tape.

Consider first the production of the perforated paper tape. The machine
must be able to make perforations or punches in a strip of paper tape each
time one of the typewriter keys is punched. For each of the typewriter
characters, a different pattern of punches is produced by the tape perforator.
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Each pattern is produced by a row ¢’ punches placed in a single line crosswise
to the paper tape. Some machines 'se a 5-location matrix for placing the
punches in the line across the tape. in such a machine the:e are 2% = 32
possible patterns of punches and bla ks that can be recorded in any line on

tiie tape. Such a tape can handle 32 different characters. As each typewriter
character key is actuated, not only oes this character print on the sheet of
paper in the typewriter, but a corresponding pattern of punches is simultanecusly
perforated into the paper tape. Aft:r each character, the tape moves forward,
with the result that as a line of tex: is typed on the sheet of paper, there is

also produced a strip of perforated paper tape which records each step in the
cperation of the typewriter. In a fully capable tape typewriter, the letters of
the alphabet, numerals, punctuation, "capitals,” "carriage return and line
advance,"” "tabulate,” and “backspace" are all recorded by patterns of punches
in the tape.

The 5-location tape perforating matrix is not the only kind used in current
tape typewriters. Others use 6, 7, and 8-location martrices, with corresponding
differences in the patterns of punches and blanks for recording the characters
and greater versatility in the number of characters that can be handled.

The second additional feature that a tape typewriter must have is the
capability to “read” perforated paper tape and to actuate either the typewriter
keys or the tape perforator, or both, in accordance with the perfcrated tape
record. Thus, a tape which b s been produced as a consequence of typing one
page of text, and which is then put back into the tape reader of the same
machine (along with a new sheet of paper) will produce a tape controlled
automatic typing of a page of text which is identical with the original typed

page. It will also produce at the same time a new tape which is a copy of the
first.

In summary, a tape typewriter has there elements. (1) It has a keyboard
which is manuaily operated to produce both a printed page and a perforated
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tape at the same tirne. (2) It has a printing unit for printing characters on a
page under the control of either the keyboatd or of the sxip of perforated tape
in the tape reader. (3) It has a tape perforator for perforating naper tupe in
accordance with the keys pressed on the keyboard or in accordance with the
tape passing through the tape reader. (4) It has a tape reader for reading a
perforated tape and controlling the printing units and the tape perforator.

By full use of these elements, a number of very useful techniques are
immediately made possible. Sections of tape can be pasted together to
combine sections of text, and the resulting tape-can be used to make a unified
typed copy of the combined text. During the typing, a new tape can also be
perforated.

One may let the tape typewriter print and perforate under the control of the
tape in the reader until a blank area in the tape appears and the machine
stops, Text can be inserted at the keyboard manually, and the tape can again
be started through the reader in order to automatically pcint the remaining
text ac it is recorded on the rest of the tape. In this way, a new tape can be
produced which contains the full corrected text exactly as printed.

By a slight variation upon this method, when the first tape is known to contain
errors, the tape is allowed to run through the reader (producing typing as it
goes) until just before the location of the error. The correction is then manually
typed in. The tape in the reader is skipped ahead to the correct position after
the error, and automatic typing is resumed. (Depending upon the particular
machine used, there are differences in the details of this procedure.) While
these operations are going on, a new aud corrected tapz is automatically
produced,

From this description it is seen that a tape typewriter can be used to produce
easily an error-free tape by making simple corrections in an etror- containing
tape. This error-free tape can be used thereafter to produce a perfect typed
copy each time it is run through the machine. In other words, a tape containing
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the recorded text of a catalog card can be used to produce automatically as
many crror-free copies of tl. - catalog card as may be desired. Single error-
free copies of any difficult typed matter can also easily be produced in the
same way. The implications of these capabilities to library typing procedures

are readily apparent.

TAPE TRANSLATION

We must now consider an 1mportant complication due to the fact that tape
typewriters are not siandardized devices. Not only do they differ between
manufacturers, but machines made by the same manufacturer bearir.g the same
model or type number will differ in importart respects. The manufacturers
are not to blame. Many of these variations are ordered by the customer when
he buys his machine. Not only will a customer order various special symbols
for some of the keys, but he may order a machine with tape having a 5, 6,7, or
8-location punching and reading matrix. In addition, machii..s from differcnt
manufacturers ‘may even use different patterns to represent the same printed

character.

For this reason, the perforated paper tapes — as they come directly from a
tape typewriter — are not freely interchangeable between machines. Each
machine can use only its own particular tape and character pattern code. In
order to go from one machine to another, with the second machine having a
different tape and code, it is necessary to perform a simple translation and
then to perforate a new paper tape which will be used to operate the second
machine. Tape-to-tape translators of this kind are relatively simple devices.
Laboratory translators have been built and have been used. When areal ‘
demand for translators arises, versatile models in commercial production can
be expécted to become available. Until then, electronic computets can perform

this kind of translation.
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With a tape-to-tape translator, the tapes prepared on any tape typewriter
can be converted for use on any other tape typewriter. The only limitation is
that the characters called for by the tape must be available on both machines.
Through the use of such a tape translator, any tape typewriter can "talk” to any
other tape typewriter irrespective of differing tape format or character pattern
codes.

Only one tape translator will be needed to perform all the different kinds of
tramslation for all the different tapes exchanged by a group of libraries. For
each translation to be made, the tape translator i8 first adjusted for the tape
format and the pattern codes of the source typewriter and the target typewriter.
By use of a translator permitting such adjustments, one type of tape translator
can lérve for all kinds of tape translations.

USE OF ELECTRONIC INFORMATION PROCESSING MACHINES

Tape translation is merely the simplest of the useful kinds of conversion
pcocedures that can be performed on the tapes produced by a tape typewriter.
Other more useful and more complicated conversions can be performed by
means of electronic information processing machines (e.g., electzonic
computers). Such machines have a very high speed of operation, and their
versatllitv is limited in most cases ounly by the imaginaton and inventiveness
of the user. Time on these machines can e rented in intervals of a few
minutes or hours. Such rental time is available on most compuiers at any of
the commercial jnstitutions which have them. Therefore, it is definitely not
necesary for any library vo purchase a computing machine in order to take
part in the Tape Typewriter Plan,

et us now. cousidet several examples of the various useful conversions
made possible by an information processing machine. Counsider a set of tapes
which have been prepared as a consequence of the typing of catalog cards, and
which have been read into the memory of th2 informadion processing machine.

9
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The machint van rearrange the sequence of entries making up each card,
putting (for example) the author's name first. Then, inside its electronic and
magnetic memory, it can also perform an alphabetization by author's name

for a large collection of cards. When these alphabetization operaticns are
completed, the marchine can then perforate a new paper tape which will control
a typewriter to type up cards in alphabetical sequence according to ‘authors'

nam+ !

Any other rearrangement of content on the card with or without sequence

Any part of the printed matter on the card (e.g., corporate aurhors, numbers,
or abstracts) in the original caid text can be omitted by the machine before

making up a new tape.

New material (e.g., serial numbers, class numbers, etc.) can be added by the

machine befote making up a new tape.

The machine can change the "page format" before making up a new tape.
Thus if the input tape was made for controlling the typing on a 5-by-3-inch
card, the machine can compose new line lengths, set indentations and page
margins for typing up an error-free standard 8Y,-by-11-inch page. It can
compose a single or double column format. Running heads and page numbers
can be added. The output tape which is made will then control a tape type-
writer which will type'in this new format. Any kind of indentation, spacing,
ot other possibilities can be created automatically at high speed by the
electronic information processing machine.

By various combinations of suppression of some parts of the text, and by
format rearrangement, all sorts of new lists and compilations can be created

from tapes originally punched for entirely different formats.

An information processing machine can just as easily take two tapes and
merge their text contents into a single alphabetical or numerical sequence,
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It can thus interfile items.

Conversely, the machine can seiect certain items from a list, ignoring the
rest and make an output tape from only the selected items. Any criteria which
can be numerically stated, or which involves any occurrence or combination
of words, numbers, or classificaticn symbols, can be used as the basis of
selection. Therefore, any kind of "information retrieval selection” can be
performed by the machine. The results cen be perforated into a new paper
t »e for later printing.

In some cases, the output from @ conversion operation by an information
processing machine will be so voluminous that more rapid methods of
printing would be preferred instead of the relatively slow (10 characters per
second) tape typewriter. In this case, one of the electronic "high speed
printers” will be employed. Some of these printers car print full lines of text
(120 characters) at a rate of 10 lines per second, i.e., the} can print a full
single-spaced typewriter page in less than 8 seconds! This is a printing speed
of 600 pages an hour which means that quite extensive lists and compilations
can be printed in less than an hour of high speed printer time.

U°E OF AN INFORMATION PROCESSOR AS A TRANSLATOR

Because of its great versatility, an information pcocessor con: certainly
convert from one typewriter tape code to another. It does this by means of &
"table of conversion” which is stored in its electionic memory. For each
code pattern on the input tape, it looks up the pattern in its table, finds the
corresponding output code, and then perforates this second code on the output
tape.

The use of conversion tables has many extensions, and thess provide a
challenging field of exploration. The input to the conversion tuble may be a
number, a symbol, a word, ct & group of words. The outputs can be just as
varied. A few examples can be given: A table can be l‘et| up which takes words

i
§
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as inputs, and which produces a Uniterm number as the output. The inputs can
be subject headings, and the outputs can be the corresponding numerical claasi-
fication code symbols. The inputs may be words and phrases, and the outputs
retrieval descriptors. The inputs may ve code symbols in one classificadon
system, and the output can be the one or more most closely approximating
classification symbols or sets of descriptors in quite a different system.

It is my contention that whenever any two sets of "subject content indicators”
(e.g., decimal classification numbers, subject headings, descriptors, etc.) are
sufficiently we!l defined, it should be possible to set up a conversion table to go
from the one set of indicatcis to the other. Of course, such a conversion, like
any kind of language wanslation, will usually not be completely exact. Part
of this inexactness is a result of the imperfect state of our knowledge of these
systems and interrelationships, Another part results mainly from the inherent
incompatbilities between the classification systems. In general, any given
classification system does not make the same distinctions precisely as diey
are made in some other classification system. For this reason a single input
symbol in one system may be represented by several output symbols in the
second systemn. Other peculiarities may also appear, but a full discussion of
these problems is inappropriate here.

The important thing to note here is that both the card or page tormat and
the subject content indicators can be ranslated from one svstem to another.
Because of this conversion capability, the Tape Typewriter Plan frees us from
the neea for prior agreement upon any universal subject indicating scheme or
classification systemn. In this respect the Plan differs most significantly from
all previous plans for wide-spread documentary cooperation, since these plans
have all specifically required a priot universal agreement. In the history of
documentation, such agreement has never occurred. '

9k
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UNION CATALOGS, BOOK CATALOGS, AND SZLECTIVE BIBLIOGRAPHIES

Modern librarians woald be far more interested in bibliographic tools such
as book format catalogs, union catalogs, and easily prepared selective
bibliographies if these toois were not so difficult 2nd expensive to prepare and
to maintain. For example, it is impracticable to maintain a book format
catalog of the holdings of a library primarily because of the imprracticality
of making additions or frequent new editions. On the other hand, card catalegs,
though clumsier to use, permit easy addition by simple insertion of cards.
Union catalogs, with distribution of cards, run into their own problends because
of the great clerical problems of filing and catalog maintainance. Thus sych

. catalogs are a luxury. Printed selective bibliographies of several hundred or

thousand titles, furnished to a customer at request, are another luxury that

libraries have been unable to consider.

The Tape Typewrites Plan, because it is assisted by modern information
processing equipment, places all of these goals within the range of achievement.
I speak cautiously here, and only say "come within the range of achievement,"
because some present important library problems are so vast that they can still
overwhelm the largest of our electronic equipments. However technological
p-ogress in equipnient is so very rapid that even this limitation will not prevail
for long. For another thing, many useful and significant library problems are
not this vast, and so they can be handled now by present equipment.

USZ OF TAPE MEMORIES /ND HIGH SPEED PRINTERS

Mow I wish to disciss large-s .ale magnetic tape memories and high speed
printers. These devices are adjuncts to eélectrenic information processing
machines. In a library plan, the tape memories will have a storage function
similar to that of a card catalog. They will store bibliographic information
in such a way that the information can be added, extracted, or rearranged at
an, ime, Some of these memories, even at pre en., hWave relatively large
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capacities (e.g., enough capacity to store the contents of 100 drawers of catalog
cards in one memory unit), Memories of this kind, at various locations, linked
to the manipulating and translating capabilities of electtonic information
processors, and also linked viz paper tapes to a multitude of tapc typewriters

In cooperating libranes. will present some truly intiguing possibilities for

machine bibliographic conimunication.

These possibilities ate even greater when the use of electronically actuated
high-speed printers is taken into account. As mentioned previously, these
devices can print a 1ull page of text, typewriter size, single spaced, in less than
six seconds per page. In one hour, 600 pages can be printed. Such printed copy
can be. used directly as a single copy or the printers can produce several
carbon copies at the same hime. The original copy can also be used for photo-
offset reproducticen for the printing of hundreds or thousands of copies. The
cost of using high-speed printers is difficult to compute, but we can expect it

10 be within the range of a fraction of a dollar per page.

Using the large tape memories and high- speed printers available, it will he
possible to furnish libraries with prinred book - format catalogs of their holdings,
ot parts of their holdings, from the basic cataloging information stored on
magnetic tape. Therefore, catalogs in book format will begin 10 compete with
card :aralogs, particularly when machin@BPnting cosis drop in comparison *
with costs of conventicnal card catalog maintenance If and when this occurs,

book format ca‘alogs will become the day to day working tool.

At the sire of the eiecrronic information processing machine. the magnetic
tape tecls for the horary will spend most of their time 1n storage. In fact,
once the electronic machine has prepared a set of catalogs, it wili thereafter
be called upon to do library work only during short intervals on some petiodic
schedule Thus any library will be obligared to suppor* only a small fraction
of the rotal charge for such machines At other 11mes the machines will be

petforming other jobs for other paying customers
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By making use of the interfiling capabilities of the tape memories, the
catalogs on tape of scveral libraries can be merged ro give a combined or
union reference tool. Again, the result can be printed out in book format, and

copies can be furnished to the participating libraries.

The selective capabilities of information processing machines will permit a
great maay kinds of selection and arrangement of items from the master tapes
to form selective bibliographies. With easy selection and printing of relativcly
long lists of citations (e.g., hundreds or thousands of items), selective
bibliographies can be expected to become a much more useful and important
tool than at present. In fact, it is possible that they will take their place as a
Mmajor tool for information retrieval in the libraries that make fu.. and modern
use of the teéhm‘que. I addition, a new technique known as "lattice indexing"
now being developed by the author (which is related to techniques also being
developed by others) indicates a new degree of rewieval nower that can be

given to machine-prepared selective lists and hihlingraphies.

Because of the practical value of knowing the geugraphical location of
storage of documents, lists printed from this aspect can also casily be provided.

THE PLAN IN OPERATION AT A LIPRARY

In the beginniug, for each library, the Tape Typewriter Plan must justify
itself solely on the basis of the improvements and econuinies that it can make
in the cletrical and typing aspects of library operations. In other words, the
introduction of a tape typewriter should make it easier and cheaper to prepare
muluple copies of catalog cards and to prepare error-free copies of lists and
ro prepare other kinds of error-free copy as needed in library operations. In .
fact, a tape typewriter should not be bought by a library g_rx_lgg it can pay for
itself in these operations

In the ncxt stage of the Plan, exchanges of paper tapes between one or more
other libraries will be undertaken. Tapes for certain lists of citaticns and

a1
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reterences, and tapes from certain categories of catalog cards will be
discovered to be useful at two libraries. A tade can be arranged. A continuing
"'quid pro quo” exchange, with each library conuibuting something of value

to the other, is easily set up. As such exchanges develop their usefulness, and
other libraries wish to join and participate, the formation of tzpe exchange
pools or joint collections will quite naturally begin.

At the individual library, as its collection of paper tapes accumulates
(perhaps speeded by participation in a tape exchange pool), there will soon
ccme the desire to do more things with the information collected on tapes.
At this stage, the library will locate a nearby information processing machine
with extra time available for rental, and will arrange to load its paper tapes
into more concentrated magnetic tape storage. Now the likrary is ready to
use the full gamut of electronic information processing capabilities: sorting,
arranging, edidng, Tanslating, printing, and others. Catalogs and classified
bibliographies in book form will be one of the major products to be asked for
first from such a machine.

However — and this point is very important ~ one can only process information
after somebody somewhere has prepared it on a tape typewriter. If catalog
cards are ever made up on an ordinary typewriter, this labor at the keyboard

has been wasted as far as machine processing, or inter-library cooperation via
machine is concerned!

Therefore, the day is soon coming when it will be a "criminal waste” to put
useful bibliographic information through a keyboard without af the same time
producing some satisfactory kind of machine readable record such as a
perforated paper tape, perforated card, or other medium.

THE PLAN IN OPERATION FOR A GROUP OF COOPERATING i IBRARIES

A group of libraries, cooperatively participating in the Tape Typewriter
Plan, cau use their force of numbers to gain a number of considerable
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advantages. By acting as a group, they can do better bargaining for electronic
machi.ue piocessing. They can also make better use of the machines. It is

well known in the computing machine profession that the biggest (and costliest)
machines are always the cheapest machines to use in terms of the number of
macuine operations performed per dollar spent. A group of libraries acting in
concert can produce a continuing volume of work which will justify time on

a large machine, and they can share the cost of providing "computing

machine programs™ for the various documentary tasks to be done, Further-
more_only by the formation of a cooperating gxoup of a number of libraries

can a union catalog operation be begun.

A typical group of cooperating libraries in a Tape Typewriter Plan will soon
have available, through machine assistance. such a large and valuable pool of
documentary material, that libearies outside the group will discover very
compelling reasons to get a tape typewriter of their own and to join the pool
and become participants. This should be encouraged. The rule of the game
for full participation in any library pool should be "You furnish yeur tapes and
we will furnish ours.” However, special machine compilations and printing
Jjobs for aay particular library will have t¢ be paid for by the library demanding

such machine work.

As was mentioned earlier, it is not necessary for the participating libraries
to standardize either on any specific commercial tape typewriter or on any
specific catalog format. If differing classification or subject heading schemes
are used, interconversion tables for these shouid be developed.

In order for larger libraries to handle their work loads, they will undoubtedly
want to employ a number of tape typewriter units. These same libraries, ln
order to facilitate various tape exchanges, wil! also want their own tape
translator units so they can communicate directly by tape with nearby libraries
without having to call on computer assistance ot on the use of outside tape
uanslators. Smaller libraries will usually be able to arrange for tape translation
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(on some weekly payment basis) at the larger libraries. In this way the

investment in equipment at the smaller libraries can be held to a minimum.

WHY THIS PLAN IS SC UNUSUAL

The Tape Typewriter Plan is unusual in that it most ingeniously side-steps
some of the inttactable human and intellectual problems that have previously
blocked progress in documentary cooperation. At the same time, it makes full’
use of the powerful capabilities inherent in all the mechanical devices
employed.

All prior plans for large-scale documentary projects or for documentary
cooperation have required (1) ‘utellectual standardization, (2) format
standardization, (3) disseminated labot, or (4) centralization.

Intellectual standardization nas taken the form of a requirement for a
common, universally agreed upon classification system (based on words, symbols,
or numbers) vhich weuld be used by all the participan!é. Library history shows
that such an agreement has nevet been possible.

Format standardization is necessary for any plan of catalog card exchange.
However, even such a simple form of standardization as t.e use of uniform
catalog card layout does not prevail among all libcaries.

Catalog card exchange plans, of which there are many, are an example of
"disseminated labor."” This kind of group activity places a burden of labor -
for filing the cards received — upon ea. ' local cooperator. This burden i3 not
in proportion to the individual cooperator's selfish 1nterest; instead the filing
burden due to the flow of cards is in propoertion to the size of the group.
Therefore such pians, involving labor disseminated at the convenience of
“others,” all come to grief when the load increases beyond the (evel of local
interest.

Mzny recent (and earljer) plans and prcposals for large-scale bibliographic
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cooperztion have been based upon setting up a unique bibliographic center,

Reference questions, and all other information retrieval customer requests,

would be processed by this one center before information could be provided to

the customer. Thcre have been many well-founded objections heatedly

H advanced against any such plan for unique centralization of bibliographic and \
documentary service. Except possibly in the Soviet Union, objections of this

kind have prevented any widespread move in the direction of a universal

information center

The Tape Typevtiter Plan side-stcps these four problems. Cooperation can
lake place without need to standardize on a classification system. (A detailed
uearment of the considerations of this point will have to be given in another

paper ) To a significantly useful extent, class symbolism can be converted from

one classification system to another. Recording formats are easily changed by
machine processing. Th an does not disscminate labor at the convenience
cf others. Each library does only as much work as it finds necessary in order
to process its own documents only. Finally, the Tape Typewriter Plan leads
to a loose confederation of libraries, each cooperating according to its own
self interest, and using pooled magnetic ape crorage at a variety of places —
but certainly not at any one "universal documentation center.”

The Tape Typewriter Plan is unusual also in the way that it reccgnizes and
takes maxirnum advantage of the peculiar capabilities of electronic
informaiion processing machines. These machines can be considered to be
high speed, completely accurate, clerical robos. Some of their greatest
capabilities are {n rearrat ‘ng data, looking up conversion lists of symbols,
converting. storing, and printing. Properly used, these machines can do these
things very cheaply. However, they do require a "machinable inpﬁt" which
the machine can read, i.e., perforated tape (or a set of tabulating cards used
as a substitute for tape). The Plar provides this kind of mechinable input.

R

Most people look upon a choice of a computer as a "inal decision,” and
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think that atl subsequent work and thirking about machines must be based
upon this one choice This view is erronieous, even though computer companies
have tended to foster this viewpoint. The correct viewpoint is that computets
can act as information processing machines. They can most capably perform
high speed format and symbo! translation hetween computers. Therefore if
any group of libraries desires to make use of the services of a newer and

faster computer, thev can use the facilities of the new computer itself to

convert from the magnetic tape format of the old computer to the new,

By using computing machines we can avoid son:e of the main problems that

have plagued all projects of large scale cooperation in documentation,

HOW TO GET STARTED IN THE PLAN

In order to get started in the Plan, it is not necessary to wait for anyone else
to make decisions in any other library, nor to wait for further technological
developments in mechanisme. You can start now, The machines needed for
starting the Plan (the rape typewziters) have been commercially available for
years. What you must do now is lu study the capabilities of these machines i
the light of your own library operations. It is likeiy that you will find that
some of your clerical processes in document cataloging could be done more
efficiently by use of tape typewriter machines. If this is so, you can begin
immediately, saving the paper tapes produced as a by-product., Then, as soon
as another neighboring library gets a tape-typewriter, you can jegin an exchange
of tapes in a "“Two- Libxary Plan." More libraries will soon follow your lead.
As soon as a large enough body of tapes is available, but only then, should an
electonic information processing machine be called upon.

The beauty of the Tape Typewriter Plan is that you can start now at your
library, on the basis of your own self interest. You don't need to wait for any
kind of agreement on the part of others. From then on, whatever work you do -
and preserve on tape — constitutes a resource for later more elaborate machine

processing and for inter-library trading and ccoperation, aii to your benefit,




APPENDIX

THE USE OF NON-PRINTING CHARACTERS
FOR FORMAT INDICATION ON ABSTRACTS
TRANSCRIBED ON MACHINE MEDIA

A very serious problem arises in machine processing of abstracts and other
dccumentary information. The problem is that it is difficult to instruct a
machine how to distinguish between the title, the author or authors' names,
the abstract, and so on., For this reason, it is desirable to have some sort of
special "punctuation” to sepatrate and to distinguish between these items.

Such special punctuation should be easily interpreted by the computing machine.
At the same time, such punctuation should rot interfere with the ordinary
print-out from the tape typewriter,

It is my proposal that a ""non-printing character” be placed in the
typewriter keyboard and in the tape code. This ron-printing character will be
recognized only by the computing machine. When this character is struck on
the keyboard, no printing occurs, but the tape is puncied with the tape code
for the non-printing character (NPC). Conversely, when the NPC code is read
from the tape, the typewriter does not print or space.

A single NPC will be adequate to handle all peoblems that will arise. This
is because single and muitiple uses of the one character can provide the
required number of different meanings. Where the NPC i3 indicated by V, we
can iorm: ¥, VV, VVV, VVVV, etc. Each of these is given a different
meaning. By using a single "space’ interpolated among the V's, an even
larger number cf symbols can be formed,such as: VV, VvV 9, VY VV, VV VY,
etc. However, I believe it is p:eferable to avoid diese latter combinations and
not to assign a confusingly large Lumber of NPC codes because there is a better
way 2! handling these pmblems. I propose that for each anscription progran:,

103



THE "TAPE TYPEWRITER PLAN,"” .

f

: . . )
at each wanscription center, a fixed sequence of descriptive items such as: .
document number, document title, authors’ names, dates, etc., aud abstract be

set forth, This sequence will be called the "sequential format" of entries for
each abstract. It is not necessarv for each transcription center to use the same

sequenual format of entries. It is only necessary that the sequential forrnat be

determinate for any given piece of tape.

My suggestion for the assignment of interpretations to the NPC combinations

is as follows:

NAA'AY Marker separating complete abstract or information entries.
CAAY Non-printing "parenthesis” to enclose special comments.
See below for further discussion.
vV Marker to separate title from author, author from date, and
in geneial to separate the various kinds of descriptive items
within an abstract entry.
v Marker to separate multiple authors, mu'tiple report .

numbers, and in general to keep content from running
together within any one descriptive item,

To use this method of format indication, a fixed sequence of descriptive
items must be determined. For example, a typical "sequential format" for
one cun of tape might be:

1)
2
3)
4)
5)
6)
7
8)

document number

full dtle

authors

source agency or company
date

number of pages

abstract

classification

Transcription on this one tape must then follow this sequential format. Where
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any item of the format is omitted, there must be 2 "VV VV" with a space
between the NPC's to indicate the omission. Where an unusral situation arises,
this is taken care of by 3 comment inserted in this fashion: VVV commen: VVV.
When this indication of ' comment” isused, the computing machine can easily

find the special comment and act appropriatel)'r;

The following example is given of the use of such a format and the NPC’s.

VVVV ADC 1012; VV Nuclear Fractionation. VV J. Jones, V B.
Smith; VV Reactors, Inc., and V Univ, Texas, VV June 1959,
VV VV No abstract, VVV abstract is confidential VVV VYV Secret.
AAYAAVE .

Such things as "carriage retusn,” "indent,"” etc., have not been indicated, but

their use is uf{dirstood. Note that all the ordinary punctuation is retained.

From the example, the uses of the various symbols are quite evident. The
only one needing further comment is VVV. The material enclosed by this rion-
printiag parenthasis.can be of great variety. One important use is to identify
special material following the insertion, or to make special comments on
deviations from the established sequential fgitmat. Symbols not in the regular
type fonts can be indicated. By using VVV in this way, all special cases not
haadled by V, VV, or VVV, can be dealt with. Special words assigned
conventional meanings can be enclosed in the VVV bracket to indicate
special functions, and these words can be looked up ia a list or table in the
computing machine to get the details of what actious at2 to be taken.

Sucha list can be of any length, and thus au arbitrarily large number of
situations can be dealt with without the need for additional NPC codes or

chasacters,

By the use of a special non-printing character, the computing machine
processing of punched tape transcriptions of abstracts and other bibliographic
information can be greatly facilitated. At the beginning of a tape run, the
computing mm::hlne can be instructed in the sequential format of entries
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within each absmact entry. Thus various sequential formats can be interpretec .
without troubie by the machine. Consequently there will be no neod for a

universal standardized sequential format of transcription or print-out. This

last consequence — the ¢limination of a need for prior standardization of

format — is the most important result of this proposal.
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Chapter 9

A Generalized Computer Method for Information Retrieval
by Mrs. Claire Schultz

ABSTRACT

A gemeralized method is given fcr performing imformation retcie-
val by computer. The method can be applied to systems varying in
type. size, masner of use, and computer equipment.

Systoms with files of informatien-retrieval data or document
references may use the method. Optloas allow many or few searches
to be borfor-cd during eacu pass of the file through the computer.
Alternative sesrches or ssbsearches may be specified, and the wpper
snd lower beunds en the aumber of retrieval refereaces may ke set.
The optiomns can be used to defisme the characteristics of s partic-
unlar system so that mecessary staff aad equipmeat capscities caa be
deterzined. Output forms imclude referesce mumbers, abstracts,
wicrefilm, and so forth, depeading on the output equipmest chosea.
Ia asdition te retrieval informatiom, the output may inmclude system-
use rocerds, used te asslyse and evaluate sysiem cffie?clcy auto-
matically, snd to cowpare ebjectively one systew with amether.

The first application of the methed i3 by the Armed Fercos
Technical Informatieam Agescy. A bleck process diagram, detailed

flew chart, and descript.ea of the ASTIA applicatien are provided.
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SECTION 1

DESCRIPTION OF METHOD

1-1. INFORMATION RETRIFVAL DEFINED

The method to be described is for performing information retrie-
val hy computer. Since the literature does not differcntiate in-
formation retrieval from other types of data processing, it may be
worthwhile te cdo so here.

In what is generally termed "data processing,” the computer
manipulates specific units of input data to arrive at other specific
pieces of data, such as the amount of a paycheck or the tangent of

. an sngle.

In machine translation, the computer substitutes equivalents
for one another, vﬁether the unit size is a word, phrase, sentence,
or otherwise. Again, the manipulation proceeds (rom specific to specific.

Artificial languages, such as those used in automatic computer .
programming, require a type of machine translation, and thus proceed
from specific to specific. Expanding a pseudo-language (shorthand)
to full langth increases the output volume to more than the iaput,
but is nonetheless a series of substitutions of one specific thiag
for amother.

Information retrieval, howaver, arrives at s general class
of informction by examining specific uaits of input data for their

interrelationshi_s.

b




For exanple, tn cdetermine whether a document is pertinent

*0 3 particular question, the computer compares the document des-
cription with the uniis of information requested in the question.
If they match, a question may further require that ar adcitional
unit or units of information be absent for the document to qualify
as an "answer”. Afier examining an entire file of document des;
crlptf&ns. one Xnows which documents meet the requirements Lf the
question.

A question reprasents a clasy of information. The more units
of information asked for in the question, the more exclusive the
class. For example, a question which asks for documents mentioning
dogs, cats, and rabbits is more exclusive than one that asks fe-
documents mentioning cats and dogs.

In building a document-deicription‘tile fdr information
retrieval, all the classes of information for which there wiii be
requests cannot be snticipated. For efficient retrieval, therefore,
units of information {n the input {ile must be small enough to 3llow
great freedom in cresting classes at the time of output. Specific
input units must be planned so that the iarge gereric units %o which
they boar a fixed relationship will bs wade explicit.

For example, {f an input file contatas information sbout o
spples, sny document concerned with llspoczflc kind of apple, such

as Winesup or Mackintosh, should have the name of the specific apple
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fn its description; but the description also should contain the

word apples, so that if a question were recelved asking for in-
formation about the temperature st which to store spples, to
perform a search, one wonld neither have to know the nsmes of
every type of spple, nor would one need to search for every

specific kind of apple when one word, apples, would suffice.

1-2. B)UIPMENT

Mo particular confiéurution of equipment is. presumed for
the method described; the pregram, outlined in figure 1°, is
feasible for almost any general-purpose computer system. As
described below, it also is applicable to tabulating oﬁulpnent,
or even manually-sorted systems. Its efficiency declines,
however, when desirable options (discussed later) are precluded
because of equipment liritations. The program efficiency varies
sccording to compvter cspacity to hardle the mecessary volume of
searches sand produce output in the desired format.

Small or little-used files could use the method with some
kinds of tabulating equipment, if only one question were asked
por reference-file pass. Most spplications, however, will re-
quire answering more tham one questios per pass. An alterastive
for swall files is‘to share computer time with other users.

To answer more than ome question (and to perform system

self-analysis and provide flexibility in optional festurss),

® Technicsl assistance in drawing figure 1 was given by
Claytoa Shepherd, Univac Engineering Center, Philadelphia.




the computer ugsed should have (1) a memory which is large enough

to store the file of questions being processed, and (2) memory
access and arithmetic operations fast enough to allow the large
number of necessary comparisons to be made in a practicable length
of time. The speed of input-output devices may or may not limit |
efficiency, depending on the equipment used and the paflucters

of the particular retrieval problem comcerned.

1-3. INPUT FILE

The method described in this paper presumes the existence
of a well-orderad file, incarporating the above requlroionts.
The input file might contain descriptions of documents, such as
books, articles, patents, or musical scoves, eor it quhﬁ contain
descript ions of factual inforwmation, sach as the properties of
compounds, airplane sen;lno arrangements, vital statistics, and

s$o0 on.

The ~ethod assumes that the descriptions contained in the
file will have been built systematically, and thst the system is
known to the persons who will interrogats the file. In many
information-retrieval applications a thessurus als> way be used

with the system described heres.

1-4. OUTAUT

Using the methed described, the output fermat csm vary,

dapending en the needs of the system's clientele, the types
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of suxiliary files maintained to supplement the master file, and

the configuration of retrléval-:y:ten equipment.

1-5. METHOD FLEXIBILITY

This information-retrioval method is extremely flexible be-

cause of the following festures and progrum options.

1-6. SPECIFICITY

An outstanding feature of the method is that one can ask a

_ specific question, but still provide compensation for a null

answer tarough having asked too specific a question. For example,
one might ask a question containing four keys, or descriptive units,
of the systom, which can be called A, B, C, and D. Rererring to »
previous example, these might represent cats, dogs, rabbits, and
hamsters. If the file comtains mothing about ;l\ four keys takea
togethor, the system can be requested te give information about ABC,
BCD, or CD, or any other grouping of keys. If keys are used that

do not occur in the parent uestion, 8 new parert question is forwed;
thus, 1f one decided thet the grouping of rabbits, hamsters, and .
guines pigs might pe interesting, the method do:crlbqq uouldrcopsidcr
this a new question. The machine program is completely flexible with

respect to the number of keys a search may contain; however, the

optimum number probably is three to six keys.




1-T. ALTERNATE SEARCHES sND SUBSEARCHES

The method is flexible as to the number of possible subsearches,
using differeat key combinations in the pareant question. It also is
~ flexibie as to the number ¢! questioms that can be asked simultansourly,

 each question consisting of s search snd its subsearches.

1-8, OUTPUT BOUNDS

As shown in steps 2 and 4 of figure 1, this retrieval method
slso con accommodate bounds for the output of uny onu questiom, so0
that, for example, the inquirer may state that if there sre less tham
ten reforences to the search subject (the class represented by the
question), an additiomal set of keys should be searched as well;
thug, if the file contains little on cats snd dcgs, what is there
on pets? Or, the inquirer may state that if there are more than
some arbitrary upper limit, say 100 references to the search subject,
tke machine should abandon tke search and iaform the human inquirer
that he asked too comprehensive a question to be practical.

Tue methad provides for the option that if subsearches aad
sub-subgesrches are performed, a reference will be recorded for only the
most specific level of pertinemce (figure 1, step 2). For example,
assume that » question culls for the descriptors )

astronsuts ,
gravity . : (R

[ [ 11]
spaceships
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and the inquirer stipulates that a more general interest of his could

be expressed by the descriptors

astronauts
gravity (B)
spaceships
1f & document contasins all four of the descriptors called for in A,
that docwment number is recorded as being pertinent for A, but not

for B. Several reasons for adopting this option are discussed more

fully later.

1-9. OPTIONAL OUTPUT INFORMAYION

The output of this retrieval system can provide nat only the
material needed to satisf{y the inquirer, but s record of the
iaterrogation details wiich allow the system admlni;trators to
snalyze its efficiency. For example, a record may be kept of what
question was asked (what keys were used); how many subsearches the
question entailed; what keys wers contained in the subsearches;
how many references were located for each search and subsearch; which
of the raferences, ufter editing the search, were given to the in-
quirer; and so ona.

By using this aind of information to smalyze system function,
one car determine such things es which input keys actually are used
as owtput keys: in what combinstions they sre used; amd with what

degree of efficiency.
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Such determinations sre wseiul in revising retrieval-system

components, or im revising human use of the componeats. Examples
sre (1) for making revisions to the iaput-outpwt thesawrus, (2)
for helping iaput-eutput staffs to schieve coincidolce'iu thelr
use of the thesawrus, (3) for Relping the eutput staff te lears
through ¢-perivnce how best te pat questiens te the computer
system, and so on. The iaforuatien alse might be wsed for com-
paring eme retriaval system with snether te study their relative

offlcloleioi.

11%



4
°
»
£
i

SECTION 2

THE RETHOD APPLIED AT ASTIA

2-1. INTRODUCTION

The Armed Services Technica! Information Agency (ASTIA),
Arlington, Virginia, is the f(r;t organization to apply the method
described. At the time of this writing, the application still is
in development. There are. some recent publications by the ASTIA
staff describing their automation activities. 2

Figure 2 contains a block diagram with facsimile tape formats
for the method as it déll be wsed at ASTIA; figure 3 contains a
flow chart® of the ASTIA application. The latter flow chart is
more detailed than that in figure 1, Lut reflects the limitations

of a particular set of parameters and a particular configuration

of equipment.

2-2. UIPMENT
The computer system used st ASTIA is a Remington Rand Univac\!;
Solid State 90 Computer, with tape components. Output is by means

of a Unlvackg/ High-Speed Printer and a card punch.

! Heald, J. Heston, "Project MARS,” Specisl Libraries 51 (1960),
pp. 115-121.

2 u + A Pralininary Regers, ASTIA Document
No. 227, 000 Avnlllble ok request.

® This flow chart and the detailed logic of the method as
spplied at ASTIA were supplied by J. X. Henderson, Richard Mayhew,
and Arnold Dubinsky, of' the Ullvu:(!) Sales Office, Washington, D.C.
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2-3. INPUT FILK

At first, the input file was on punched cards; the punched
cards, however, wer: recently replaced by magne.ic tape. The in-
put file contalne approsimately 25C,000 document deecriptions,

with an average of 8 descriptors per document. The document

descriptions are controlled by a thesaurus, used also by ref-

erence librarians for transcribing an inquiry into machine

language,

2-4. OPTIONS
A number of options tdescrihed earlier) concerning subsearches,
upper and lower hounds for the number of references contained in
answers, and so Torth, have been incorporated inta the ASTIA system,
A search tape will be made up each day for an average of ) questions,
each question entailing un to @ subsearches. A iumple question form
= ’ for quiding search and subsearch formulation is shown in figure 4.
The optinn has beer adopted that for any question, a pertinent
document number is recorded only once: at the level of greatest
specificity. Reasons for adopting this option are given under

heading 2-13.

N 2-5. PROGRAM PROCEDURE
At shown om the block diagram (figure 2) the program consists

of four runs snd thres sorts. One o .ne runs, however, has two

phases.
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2-6. RUN 1 (SH)UENCE)

Punched input cards, each comtaining one sesrch or subsearch,
are sequence‘checked as they zre read to insure that tiey are {n
request-sumber order. {(This is important in run 3.)

Th2 number of descriptors used by each search is counted; this
count along with the request number is writtem on the F file.

As each descriptor is counted it fs written, with the request
aumber, on the search file (S).

Certaiw validity checks, not shown in figures 2 or J, also are
made on each card.

The last step in run 1 {5 to sort the S file to descriptor

order.

2-7. RUN 2, PHASE I (PULL) | .

The S-file descriptors are matched agsinst those in the document
file (master file D), which is in descriptor order. When a descriptor
i1s found in the master file it is writtes on the G fila along with

all of the document numbers associsted with it.

2-8. RON 2, PHASE IT (MERGE)

All G-file document sumbers sre examined one at a time, and
written with “heir descriptors once for each request with which they
occur inm the R file.

The record file (R) is sorted to document- sad request-sumber

erder.




2-9. RUN 3 (PARTITION)
1

Successive records in the R file are examined until a change

in document and request numbers is encountered. Successive records
contuining identical document and request numbe:rs are called a par-
tition; the number of records in a partition is noted.

The request number is used as an entrv to the F file to count
the descriptors used by that search. If this count is the same as
the number of records in the partition, the document number in that
partition satisfies the search.

Al! document numbers which satisfy a search, along with the
request numbers, are written on the T file.

After the p:rtliioning is completed, the T file is sorted to

request-number order.

2-10. RUN 4 (ANALYZE)

Run 4, the last, consists of the €inal analysis. If there are
less than the optional number of references for each run (o) to level
A for each question, then level-B hits are printed; otherwise they

are discarded. In addition, a document number is recorded at the

level of greatest specificity.

2-11. ouTPUT

At the end of the machine manipulations, the reference librarian
receives an output of three cards. Cards 1 and 2 sre 3- by 8-inch

cards, card 3 a standard machine-punched card.




ey i

2-12. CARD 1

Cord 1, shown in tiqure 5, is prepared hy the high-spred
printer; it identifies the search and gives the document numhers

pertinent .o that search or subsearch.

- 2-13. CARD 2

As was mentioned earlier, the option was adopted for the ASTIA
application that for any quéstion, a pertineat document number is
recorgea oniy at the ievei of greaiesi speciiiciiy. Tiis uplive wai
chosen because fard'2. shown in fiqure 6. is prepared for each per-
tinent reference; it identifies the document and search or subsearch,
and gives the ahstract of the document. 1f this nption had not bheen
adopted, many additional, time-con;um{ng abstract copies would have
beuen needed. Since only one copy of an abstract will he used for
answering an inquiry under this option, subsearches may be used

without checking the document numbers or abstracts for duplication.

2-14. CARD J
The pertinent facts about a search are recorded in machine code
on card 3, a punched card. These cards facilitate automatic com-

pilation of reports asbout retrieval-system use and efficiency, as

suggestad earlier in this paper.




CONCLUSTONS

The options provided in this generalized information-retrieval
methoa (shown in fiqure 1) can bhe used to define the characteristics
of a particular system so that it can be compared with another system
defined according to the same terms.

U'sing the plan nutlined in figures 1 and 4, system operators
can decide whether the system is to answer 2 or 200 questions per
day, whether thev must he answered in minutes or hours, and whether
the output will consist of reference numhers, original material,
or photostats, and so forth. When these decisions have been made,
the necessary staff and machine canacities can he determined.

The ASTIA-application flow chart (fiqure 3) may be helbful in
automating future retrieval systems, even though different equipment
or options are chosen.

Any input-eutput equipment can be used with the method—including

equipment of the future.
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A,

C— - EERTY -

Descriptors to be searched

Brite descripters dere.

Question No. __

Order them here.

Descripters Cades '
1. Astressutics 100 Astrouastics 410,000
2. Nees | Graviyy 1,730,000
3. Space fligm . Bres 2,120,000
4. Gravity * [ Tpade fHigne 4,241,000
s, - .
6. *

1f, sed esaly if, there are less thes 10 refereases te the above,

which subseasches sheuld be accepted? If the sebsserches wenld
be of interest eves theugh there were more theaa 10 referesces
pertaining te (A), list them wader (C) instend of hers.
Codes Cedes
l 10 1,7%0,00C 102 1,750,000
- 2,tm,000 * | 2.120.000
- -
- .
- -
Codes Codos
-3 4
- .
- -
- -

List codes {u asconding seguence.

Hould suy othor combinations of the Gescripters gives la (A) be of
fatsreat? If se, give the code combinstioas desired. (limit of 3)

Codes Codes
108 | 610,000 _.
* | 1,7%.000 -
= | e,24.000 .
. .
. -
Codon Coter
_1 _
- -
. .
. .
- L]
Coder
.
.
.
. ® .
-

Pigure 4. Senp'e Queetics Fors for Guiding Seareh asd Sebscareh Perwnlotien
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